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PREFACE. 



The following chapters were originally written in the form 
of lectures, delivered first at Cornell University, where they 
were supplemented by special laboratory work and illustrated 
by actual specimens of the organisms or fossils described. The 
attempt was made to replace the ordinary treatment of the 
dry statistics of historical geology and paleontology by some- 
thing which would bring the chief problems of the history of 
organisms within the comprehension of the ordinary college 
student, and kindle in the special student enthusiasm for 
deeper research. In preparing them for publication the lec- 
ture form was dropped, such revision of the language and 
treatment was made as to provide for readers who might not 
have at hand full museums from which to draw illustrative 
material, and a few of the more characteristic examples, used 
in elucidating the principles discussed, were selected and more 
fully and precisely elaborated, so as to make a text-book for 
use in earnest and exact study as well as an exposition of gen- 
eral principles. 

Two classes of readers were considered in giving the book 
its present form, viz., students in colleges and universities 
who have begun to appreciate the importance of understanding 
the principles of the nature and history of organisms, either 
as a preparation for further special studies or as a part of a 
liberal education ; and second, the general reader, who is sup- 
posed to know something of the present popular theories re- 
garding organic life, and has, perhaps, already become aware 
of the increasing sense of disappointment which those are 
meeting who have attempted seriously to apply them to the 
solution of the problems of human life. It is not assumed 
that the reader has any special knowledge of biology or geol- 
ogy to start with. On this account some details have been 
given which would be unnecessary for the specialist, while, on 
the other hand, many elaborations which would interest him 
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have been omitted in order to bring under discussion asl 
as possible of the essential problems. 

The book is not intended to be a complete treatise 
palcoiUology, nor a detailed report of the relation of fc 
gcoloj^ical formations or to time. It is rather a reconiuis 
<>f a fascinating region, from which the few explorers whol 
aln:a(Jy penetrated it have brought back accounts of the 
n'in.irkable and unexpected discoveries. A reconi 
aims to discover the characteristic features and the 
inij)ortance of the various elements making up the tei 
tiMvrr^cd, and is mcrelv introductorv to a more minutei 
tarrful survey; its purpose is to aid the judgment, to 
th«: course of further research, and when difficulties 
tr.ivil .iiirl distances are great, it is particularly useful in 
v»ntin;.; distraction from the most expeditious way to the 
i)\ t hi<f importance. 

I he tendency of modern science is now, and for nic 
than a <[uarter of a century has been, so much to special!] 
ti'ui. ;i:)fl i)\\x inin«is have become so fascinated by the minut 
ail' I tin- j>arlii.ular, that our common judgments of the tt 
pi'Hi'iTi i«»M of things have become more or less distorted. 
'Ihi.,ii( ; ,111(1 idc.is which have been tlrummed into our caTS' 
\\.\\\ I'Miii: to apj>rar the mo^t important truths in the worli 
aiiii .til «jur lh«»ii''hts have become c<.)hjred bv them. \^' 
(.mii'it read th<.' n<.\vspapers or listen to the talk on the street 
wiiliMiii being convinced that the thought of the people, howT' 
evi I III tit- tiny may know of the sciences involved, is thu5 
bij>'«i l>v current theories about life and or^^anisms. The 
b« .iiin ' <»f biojii'.'iial the«)ries upon our judgments of the right- 
nr-- it' wron;.Mi«s>, nf conduct, both of ourselves and of so- 
ii« t\. I !•».• clnnt to admit of .my uncertainty regarding the 
v.iii-l:!\ "t tin II f'HMHl.tl inn-, or their precipe import. While 
tin- I. II 1- .uni pin n-Min n.i u{>nn wiiich Mime of the theories rest 
an- piiii ly l)ii»lii;.;iv.il. «itiiir^ nf them, whicii concern man 
ni"'.t inliinatrl\'. liave tlieir chief evidence in the liist<:)rical 

lei tirtl- "f ''(•'•111-' V. 

Among the l.itter n»mi" is m*»n" important than those gath- 
erccl .il)out the phem»men.i •»! evnlntitin; but it is evident 
upini ri llection that llie i)i«»l.r.'isi pit. per. who deals alone 
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rith the organisms now living upon the earth, must rest with 
theoretical interpretation of the laws of evolution. To the 
;eologist the records of evolution are open for direct exami- 
lation, and geological biology is a scientific treatment of the 
)bserved facts of evolution. 

While there are no end of books on evolution, and modem 
biologists seem content to assume that some theory of evolu- 
tion is true, without being able to decide which it shall be ; 
and although the students of sociology, the moralist, and the 
theologian are basing their theories about man on the ** work- 
ing hypotheses * * of the naturalist as if ** law and gospel,** — it 
seems to have escaped serious attention that we have open 
for study a genuine record of the actual evolution of organ- 
isms, extending from near the beginning of life up to the 
present time. Men have been speculating in all conceivable 
directions to form some theory as to how evolution ought to 
work, and as to what the history of organisms ought to be : it 
is the province of geological biology to tell us what the his- 
tory of organisms has actually been. The geologist does not 
ask what is the theory of evolution, but what are the facts of 
evolution. ** The primary and direct evidence in favor of 
evolution can be furnished only by paleontology. The geo- 
logical record, so soon as it approaches completeness, must, 
>^'hen properly questioned, yield either an affirmative or a 
negative answer: if evolution has taken place, there will its 
niark be left ; if it has not taken place, there will lie its refu- 
tation." The late Professor Huxley, who framed this most 
^nie and pertinent sentence, knew very well the evidence 
^'hich those records furnish, although he often treated evolu- 
tion as if it were a doctrine requiring argumentative defense, 
father than a science which only needs elucidation. 

The treatment which evolution receives in these pages is 
designed for those who wish to know what the chief facts and 
factors of evolution are, not those who are looking for further 
debate of the arguments either for or against a theory of evo- 
lution. To the student who approaches the subject from the 
historical side evolution becomes the very key to the mystery 
^^ organic life. The phenomena of growth are fairly well 
understood, the development of the individual has been sys- 
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tcmatizcd into a science of embryology; andasweabol 
cover the grand features of the evolution of species audi 
and kinds of organisms, life begins to assume the pi 
of one of the fundamental forces in the world. Who 
sidered from this point of view the question what caussl 
evt^lution of organisms seems as impertinent as what 
tile motion of the celestial spheres. The answer to 
the same. 

riiat the form and functions of successive organisms 
be accurately adjusted to their organic and phj'sical en^ 
ments is no more surprising than that the size and weight 
the revolvin<:: planets sh(juld be accurately adjusted to 
orbits in which they swing; but once grant that the syst< 
are in motion, and it is not reasonable to suppose in eit 
c.i-i; that at any point in the succession of phenomena mii 
ju-^tment should occur which would require any hypothetic 
^ileeiive force to put them right again. Evolution thus become 
one of tlie fundamental expressions of life force, requiring W! 
theory to support it, but calling only for investigation tofri 
veal its laws; and it is in geological biology that we find the' 
direct evidences of the course of its oj)eration. But evolu- 
tion i^ iu)t all of biology, and theref<^re sufficient illustration 

■ 

of ilicir respective phent>mena has been borrowed from ph)'**' 
oli»gy and embryology to j)resent a comprehensive view of ^ 
the three great factors of organic life, viz., growth, develop' 
nient. and evolution. 

A few of the chapters are somewhat technical in theJ' 
1 iii.;iiaL;e. and deal with particulars of slight interest to thos^ 
iiiitaiiniiar with the nomenclature of natural history. Thes<^ 
^ha]>i».r^ may be omitted by readers willing to take thC" 
.i'.iili«!'- statements without verification. Such persons ma)' 
..;:::: :lii- purely ^et)logical part of the book bypassing di- 
!. \\\' 'I'lHi ( liaj>ter 1 to Chapter \', where the discussion of 
!ii( !': ■i«',;ii.al })r«iblem begiiw. The more technical passages 
in ( i:.i])lir II: (.'h.ipter I\', except the summary at the 
i : ■ . . i»a:;rs .,S to I i'» uf (.Jiapter V; all but the summarv of 
( :i.i:=: ! \" 1 1 ; llir lattrr part^ of Chapters Xil and XI II : and 
tin i';:n print of c haplir^ Will and XIX. The remainder of 
tin Ixiok, altliou^h ticea-^ionall)- expressed in scientific terms. 
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)ft found, it is hoped, fully intelligible to the ordinary 

pedal students of paleontolog}' and geology will miss the 

ted descriptions of fossils and the means for identifying 

and for recognizing the horizons they indicate. To 

readers the author has to say that this book is offered 

IS an introduction to the grand field of study open before 

with the hope that it may be useful in guiding and 

sting methods of investigation, and in encouraging that 

research which will be found necessary to interpret the 

cry of the history of organisms, of which only a glimpse 

e attempted. 

H. S. W. 
w Haven, October 5, 1895. 
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CHAPTER I. 



THE HISTORY OF ORGANISMS. ITS SCOPE AND 

IMPORTANCE. 

Kan an Organiim among Organisms. — Man has been very 
slow to grasp the fact that he is an organism among organ- 
isms. Darwin was the first to speak with such loud em- 
phasis as to thoroughly rouse the world to an appreciation of 
the very intimate relationship man bears to the whole series 
of organic forms of not only present but all past time. We 
ait apt to be offended by the bold statement that man is de- 
scended from the monkeys, but, without insisting upon the 
truth of this specific statement, the investigations of modern 
science have demonstrated beyond controversy that the same 
conditions of affinity and relationship which lead to tlic classi- 
fication of animals into species, genera, or classes, and as con- 
nected with each other by direct genetic descent, apply to 
man as one of the organisms. 

For want of a better name this relationship of man to 
other organisms may be called his natural-history relationsliip. 
Man is an organism among organisms, and it is this fact that 
lifts the history of organisms out of the field of simple mor- 
phological or physiological sciences into a place of direct 
human interest. Man*s origin and histor}' is intimately asso- 
ciated with the origin and history of other living beings in the 
world. 

Not only is there human interest in the subject of the his- 
toiy of organisms, but because of this interest there \s sl de- 
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mand for discussion of the facts themselves from a 
point of view. 

The naturalist takes interest in the form and functions 
individual organisms from a scientific point of view; thqri 
to him objects of interest in themselves. He classifies 
arranges them as favorite objects of knowledge. But 
j^ciicral student, the active thinker, the busy worker in huntfj 
affairs finds the details of such studies irrelevant, andtoUlj 
llic vital interest is in the questions concerning the relatioBl| 
of organisms to the past and to himself. 

More than this, tlie deepest interest of all attaches to the S- — 
philos(»]>liy whicli is involved in the proposition that matt 8^ 
not ."^o distinct from the dumb organic world around him 8*| 
was iij) to a few years ago universally believed to be the case. 

History of Organisms and Man's Relationship to Living Thiip 
— If man has arisen from organisms that were not men; if the 
macliinrr\' of his vital organization is represented in less coflJ* 
l)I(.x f'»rin in other animals; if he may find his functions itt 
f»])iiMti<)n in .simi)ler forms of life, and separated into their | 
cUnu-nts in lower types, then he has in the oi^anic world * 
ficM of ^tiidy of the greatest interest, which he cannot neglect 
witiit'iil ignoring kno\vle«lge that is, in a literal sense, vital to 
hi-^ i)r^i inti'ivst^ as a man. 

1 lu- >tu(l\' of the laws of organisms, their relations to each 
otlur and to the comlitions of environment, their antiquityi 
tli« ir lii-tory, and tlK." nature of those laws of adjustment 
whiih are sii-'^jrested bv the words hereditv and descent, varia* 
l)iliJ\, natural and unfavorable habitat, struggle for existence* 
a'i.ij'tati'Mi to environment, evolution, and many others which 
li.i\<.- .iii-in within the last fifly years, is of more importance 
li:.i!i ^\■■ «inlinaril\- altaeh to the >tinly of the curiosities of 

The Discussion not from the Zoological and Botanical Side. — 

1 i' . ■ ;i>Mih !■• tlu- ^tiidy of organisms, from the zoological 
' ■. '■ • . -iial -idi-. i)re'^rnts i-real dilVicullv in the verv immen- 

:: . ' -i' ^iil»i« it. When we attempt to analyze the eharac- 
t' :" '■: i -in-.;!'- animal, to classify animals and describe them, 
tlu ::u I. iii.i-,-; of detail -the abundance of the characters to 
1m: (i:^! iii.^iii^hed —removes the subject from a place in a gen- 
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eral course of liberal education. Such a treatment of organ- 
isms as may be sufficient for the illustration of their history 
does not necessarily enter into an analysis of the structural 
characters of any particular species. Hence, from the point 
of view of a technical course of study in biology, this treatise 
will seem quite superficial. 

The Geological Aspect of the History of Organisms. — On the 
other hand, there are characters distinguishing groups of or- 
ganisms, evidence of which may be preserved in the rocks, 
which are of far greater importance than the specific details in 
indicating the relationship organisms bear to each other, to 
the conditions in which they have lived, and to the place they 
have occupied in the history of the life of the globe. Such 
characters are those which will concern us here. In defining 
our topic as geological biology, we are not proposing to inves- 
tigate the anatomical organs and tissues of which particular 
animals are made, but to review the facts and theories which 
have led to the belief that each living animal and plant is but 
the last of a long line of organisms whose remains can be rec- 
ognized in more or less perfect fossils, and whose varying 
characters can be traced back into the immense antiquity of 
geological time. 

Geological History not a Repetition of Like Events, but a Pro- 
peiiiYe Change of Phenomena. — If there were only repetition of 
the same things, this would not constitute history. If differ- 
ent things have succeeded each other, to ascertain the relation- 
ship borne by those that follow to those that preceded them 
becomes an important problem. We do not, at the outset, 
assume to explain the causes, but geology makes the fact 
dear that there has been a very elaborate history of the or- 
ganisms that have lived on the earth. The question we pro- 
pose to answer is, ** What are the prominent laws expressed 
in this history?** 

The geologist observes that there has been a history for 
the earth itself : the rocks, as geological formations ; the lands, 
as parts of the crust above the surface of the ocean ; the sur- 
face of the earth, as a whole, in all its complexity — all these 
'^ve come to be what they are through innumerable changes. 
The geological conditions in the past have been associated 
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with the history of the organisms. It is proposed to examialJ 
and note what have been the relations existing between organic 
form and 'geological and geographical conditions andprogn& 

Investigation of the Laws of Evolntion. — Evolution has bed 
discussed and applied in a thousand ways of late years, until 
the word has become a kind of shibboleth of modem science. 
It is proposed, in the following chapters, to ascertain what 
the term really means in the one field in which it may be 
properly and scientifically applied. For this purpose it ii 
necessary to use the methods of philosophy, as well as those 
of science ; to weigh the arguments and reasonings of natural- 
ists, as well as to examine, analyze, and classify the facts o( 
nature. 

Old Notion of an Organism contrasted with the Vew. — ^Within 

* 

the List thirty years very great change has taken place in the , 
general ideas regarding the nature of organisms and their rela- 
tions to each other. The old idea of an organism perpet- 
uating; its kind by generation, in which difference of kind m'as 
at once evidence of difference of origin, has of late been almost 
entirely replaced by the new idea in which there is not only 
rei)etition by generation of the characters of its ancestors, but 
a c«»n>tant slight and slow divergence from them, resulting, in 
the course of many generations, in bringing about all the dif- 
ferences of form which distini^iiisli tlie various species of the 
wi»rl(l. pre.sent and past. The new theory has led to an eX- 
h.iu>ii\e study of the relations wliich organisms bear to one 
;in')tlur and the interrelations existing between geographical 
;m<l "e«»l<»i:ical C(»nditions on the one hand and the form of 
"I'.iiii^nis on tile oilier. 

Work of the Paleontologist. — While embryologists have been 
tr.nin/ «»ul in <let;iil the chanLfi-s experienceil by the indi- 
v:'l:!.i! in j).i--^in;.; from tile embryonic to the adult stage of 
;.;:■.■.■.:]:. .iiiil v. hile the z«»ol.i;.;i^i \\\\k\ b(»t;inist li.ive been mi- 
n/i !\ •■xaniiiiin-'- .iiid tcicliin''- the (inferences in structure 
.i!i-l ::::icti«)n ••! tli*' v.irioii>; p.irts df iMch animal and j^lant, 
til'- ;'.il«;MMt««l'»"'i^t li.i^ been accunuil.itinii data to show the 
1. 1 'In- nf succe-^NiM^ <»f life in the j).i^t, and thus has been 
• 'I" nini; the w.i\' for the particular study of organisms in their 
n l.ttions to time an<l space, their geological sequence, their 
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geographical distribution, and the various laws regulating 
these modifications and adjustments. The paleontologist is 
able actually to see the orderiy succession of organisms in the 
past, and he is constantly called upon to note the relation of 
the several forms under his view to the environing conditions 
of their life, and thus to interpret the history of the great races 
of beings that have peopled the world. 

Botanists and Zoologists observe Individual Characters. — ^The 
development of the individual organism from the embryo to 
the mature individual is familiar to us all in its general prin- 
ciples. We know how the seed or the acorn grows to be- 
come the flowering plant or the oak tree. We know that the 
egg, by some mysterious process inside the shell, changes so 
as to become the chick which cracks its way out, breathes 
and develops into the crowing cock or the egg-laying hen. 
In each of these cases the history is the history of an indi- 
vidual organism. It is the history of a single organism, and 
the science teaching about these phenomena is the science of 
Embryology, and is concerned with the laws of individual 
development. 

Botany and Zoology, too, are mainly concerned with a 
study of the morphology of the characters of the individual, 
its form and structure, and particularly the analysis of its 
organs and their functions, in their morphological relations, 
the relations of the organs as they are combined for the func- 
tions of life of the individual. What there is of history is 
life-history of the individual^ and what there is of study of 
form is of the form of the/^r/j, or of the whole as a complex 
of such parts, of an individual organism. And what there is 
of classification is classification to bring out the differences 
existing between the component parts of separate individuals. 
In these studies the individual organism is the highest unit, 
and the investigations are conducted in each case as if there 
Were but one organism : comparisons are between its parts and 
not with other organisms. 

Paleontologists interested in the History of Species, of Baces, and 
•^ Orovps of Organisms. — It is for the paleontologist to speak 
^the history of races and communities of organisms, that is, 
to look upon individual organisms as parts of some complex 
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whole, to look at organisms as related to each other in the com-, 
plex environment of the earth, the temporary world-surfaoc^ 
and in the consecutive time-relations which are recorded in the 
geological strata making up the surface of the globe. In the 
life-history of the individual, or Embryology, we have the 
body of the individual to bind together the various stages of 
development. For this history the hours of the clock or 
the days of the calendar are satisfactory time-divisions. The 
relations of the various organs or parts to each other arc 
easily determined by noting the effect of artificial separation 
or excision ; but we see no history of organisms until wc i 
compare those now living with others that lived unmeasured 
hours and days and even years ago. Comparison of living 
species with living species only, shows us differences whidi 
our classifications enumerate. While wc might, theoretically, 
guess that the present living organisms came from others not 
like them, if we knew nothing of fossils this would be but a 
mere vague fancy, and could never find a place in true sci- 
ence. Paleontology, however, reveals to us a long series of 
organic forms, and when we speak of their history we assume 
that the series is connected genetically; the time-relations wc 
read from the rocks, and in terms of subjacent strata. The 
relationshij) must be determined by comparison of entirely 
distinct forms ; we must learn of organisms from their fossilized 
ninains. These and many other facts must be presented 
before we have the data for defining the successive steps ot 
the liistorv. 

Organisms and Environment. — Our subject, then, divided 
itself into two ^rand ili visions, organisvis on the one handj 
ami, to use a very comprehensive term, cfivironmcut on the 
otlur haiul- -li\in;^ thiiii^s, aiul the conditions under which 
tlu\- h.i\e li\'ed. Tile environment or conditions of life arc 
.stri^ tl\' included in the science of Geoloj^y, — for geography is 
hut the present final j)r«)(luct of L(ei)loL(ical processes. When 
we lr«at of Hiuln'-v- Lfenlo'ncalh* and study the history ol 
«trL;ani>nis. we a>>^ume the truth «»f two propositions which 
are n(»t recjuired in the stutly t)f the characters and the devel- 
(»pinent of the individual organism. The propositions are: 
first, that long periods of time have elapsed separating th< 
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periods of living of the several organisms under our investiga- 
tion; and second, that there is genetic affinity between the 
organisms now living and those that have lived in the past. 
We assume that series of organisms genetically connected 
have lived during geological time. 

Geological Formations. — It will be necessary to particularly 
consider the nature of geological formations, for in them are 
found the fossils, and from them is derived the evidence of 
the history which we are to read. We must consider how the 
formations were made, how the chronological scale is deter- 
mined and what reliance may be placed in it. We must con- 
sider the manner of deposition, and under what condition fos- 
sils have been preserved ; we must examine into the perfec- 
tion or imperfection of the record, what has transpired to 
destroy the record, and hence how we can supplement the 
record we possess. Hence, geological classifications must be 
critically examined and analyzed. This will occupy the 
earlier chapters. 

The Organism. — The second step will be to learn what the 
organism is and what it is not; what is meant by species 
and genera; what is the nature of systematic classification ; the 
meaning of generation, race, modification, struggle for exist- 
ence, geographical distribution, and many kindred terms. 

Races and their History. — This will bring us to the third 
part of our subject, the specific study of races, their geologi- 
cal history, and the laws to be gathered from their study. 
The history of the organism may be viewed under two lights ; 
as we consider the development of the individual as it passes 
from the germ to the fully organized adult, or as we consider 
one particular kind of organism as assuming the features 
which now characterize it from some other different kind of 
organism which preceded it. In the one case that which is 
continuous in the history is the individual life which develops, 
in the other case that which is continuous is the race which 
evolves. 

The Chronologioal Scale. — In any discussion of history the 
first and essential element of fact to be established is a rclia- 
We chronological scale by which to mark off the relations of 
''recessive events or epochs of the history. In studying the 
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history of the development of the individual organism, 
artificial time-measures the clock or watch, or the rcgd 
periods of day and night, satisfy the demand. When \m{ 
periods are recorded, the seasons and years, with their a 
ficial names, are sufficiently definitive. Human history (k 
with still longer periods, marked by great events in the 
tions: the rise or fall of a dynasty, the founding of a city, 
discovery of a continent, the living of some man of powc 
influence — these constitute landmarks by which to mca 
the order of lesser events. These, as chronological measv 
are now easily applied, but in our studies in natural histor] 
soon pass beyond the reach of even such records. A ' 
few centuries back and human history ceases altoget 
therefore the time-scale for the history of organisms must 
upon an entirely different kind of evidence. Another re 
renders the ordinary units of time useless for the study ol 
history of organisms. The animals and plants associated 
the earliest known traces of man present only the most ii 
nificant amount of divergence from their living repress 
tives. In most cases the differences are not greater 
differences presented by the known descendants of com 
ancestors within the memory' of a single generation of i 
The period of human existence, however long or short 
may be, is too brief to record any but the more minute d< 
of those modifications of which paleontology teaches, 
unnecessary to state that the records we are to stud) 
buried in the rocks. Everj'body knows that the rocks 
be of considerable antiquity; but wlien we pass beyond 
■<v^c of man, as an inhabitant of the earth, our ideas of t 
relations are necessarily vague; even for scientific men 1 
time-relations, both their actual lent^tli, in terms of hi 
standard, and also their relative periods, are not matte 
simple arithmetical calculation. 

Theories regarding the Length of Geological Time. — The 
ories underlying the interpretation of the rocks are far : 
important than at first would appear. The common no 
up to a very fjw centuries, and in some quarters a 
decades ago, was that the antiquity of the inhabitants, 
the world itself, did not exceed six thousand years. We 
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lieve that the time that has transpired since the first organ - 
lived upon the earth is measured by milHons rather than 
centuries of years, ** tens of milHons and not millions nor 
•^Vmdreds of millions,*' as Mr. Walcott maintains.* Sufficient 
^^dence appeared to have convinced the earlier geologists of 
k statement ; but the evidence is not direct testimony to 
cfact of the great antiquity of the earth and its inhabitants, 
he fact that fossils are in the solid rocks and that they 
different from the shells or hard parts of any organisms 
>lcw living, were facts well known long before the notion 
of six thousand years was considered inadequate for the 
History of the earth. But the opinion that the fossils 
"Were the remains of organisms of no great antiquity, and 
that they had been buried by some great flood, some 
extraordinary cataclysm, was held to be sufficient to explain 
the brevity of the assumed time ; and the differences between 
the fossils and the living forms were mysteries which were 
simply not explained at all until about the beginning of the 
present century. The general belief that cataclysms are pos- 
sible, that antiquity is the great reservoir for the remarkable, 
the extravagant, the unscientific, or the unknown, has been, 
and is to some extent now, the common excuse for mistakes 
made in interpreting the laws of nature. In the study of 
rocks, we need to learn how to use them as measures of the 
time-relations of the fossil contents. An analysis of the 
classifications which have hitherto been made to express the 
chronological relations of rocks will show us what the facts 
are. how these facts have been interpretec', and how far these 
interpretations are at present satisfactory. 



* Vice-Pffeskiential Address, Section £, Am. Assoc. Adv. Sci., 1893. 



CHAPTER II. 

THE MAKING OF THE GEOLOGICAL TIME-SCAU 

The Heterogeneous Karnes now in TTse. — ^A critical exai 

tion of the nomenclature applied to the several divisio 

the geological scale reveals a strange mixture of name 

reason for which is not evident to modem students c 

science. In the list of system-names we find Carbonil 

and Cretaceous, indicative of mineral characters, asso* 

with Tertiary and Quaternary, meaning rank in some 

fined order of sequence. The presence of these terms 

less mysterious than the absence of grauwacke and o 

sandstone, and primary and secondary, which were orig 

included. Triassic is the name of another system and n 

the threefold division of the system of rocks to which 

applied ; and Devonian, the name of another, reminds 

the county in England in which its rocks were first a 

Observing these things, one is tempted to call in questi< 

reliability of a systematic classification so heterogen< 

compounded. 

Importance of a Systematic Classification. — Although tht 

living geologists can remember back almost to the begii 

of the science, those who now are beginning their sti 

geology may find profit in examining the foundation 

ciples, and the systems which have been devised and 

led to the construction and belief in the present classifi 

—a classification the adoption and unification of whi( 

been thought worthy of the organization and continua 

an international Congress of Geologists. It is needless 

attention to the necessilv of some svstematic classificat 

geological formations, but as a foundation for the sci 

study of the history of organisms there is need of a timi 

running back into the past, the degree of accuracy of 

I 
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is known as well as the extent of its unreliability. In early 
attempts to classify rocks the chronological element of the 
jcale was not considered, but by degrees the classification has 
passed from a classification of rocks to a classification of 
periods of time. 

Ancient Votions of Oeology. — The ancients in many respects 
vere keen observers ; they knew much about plants, animals, 
physical and chemical phenomena, and astronomy. But, 
A'ith all their learning, there appears to have been no concep- 
:ion formed of an ancient history of the globe and its inhab- 
tants prior to the earlier centuries of the Christian era. One 
)f the first geological phenomena to become generalized into 
I theory was that of the formation of mountains by earth- 
luakes, as cited by Avicenus in the tenth century. The 
gradual change of relative level of land and sea, as seen in 
the encroaching of the sea or the departure of sea from the 
jhore, gave rise to speculations regarding the great length of 
time required for the lifting of the whole land by that means. 
In the sixteenth century, Lyell reminds us, attention was 
drawn to the meaning of fossils, and dispute arose as to their 
nature. Leonardo da Vinci doubted the then current belief 
that the stars were the cause of the fossil shells and pebbles 
on the mountain-sides, and advanced the idea ** that the mud 
of rivers has covered and penetrated into the interior of fossil 
shells at the time when these were still at the bottom of the 
sea near the coast.** * 

Beginnings of a Scientific System of Classification. — By degrees, 
as Lyell has described in such fascinating manner, one after 
another the foundation principles were announced, discussed, 
controverted, and finally, by their intrinsic truth, became estab- 
lished. But it was not till nearly the beginning of the present 
century that enough was known of rocks for the formation of 
a general systematic classification of geological formations. 
The belief in a limit of six thousand years for the formation 
of the world was prevalent. Catastrophe was the universal 
fttort for explanation of phenomena not then understood. 
And for geological purposes the Noachian deluge was an in- 

♦ LyelTs Principles, p. 34. 
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dispensable agent for the scientific explanation of any n 
traordinary phenomena. For these reasons inquiry did m 
reach far into the antiquity of the geological ages. And tl 
first attempts at classification took little or no account < 
actual time-factors in geology. 

Lehmann'a Claseiflcation according to Order of Fonnation.- 
Lchmann * is generally credited with having first proposed 
classification of rocks on the basis of the order of their form, 
tion, as Primitive, Secondary, and a third class, the modern 
superficial rocks made by the deluge or ordinary river actio 
Lehmann recognized also a direct relation of origin for 
Secondary from the Primitive rocks, and thus arose the bcgi: 
nings of the geological time-scale. Lehmann described thi 
originally distinct kinds of rocks, or rock formations. Tl 
volcanic were separated from the others because having 
particular connection with either in origin. The distinctio 
however, between Primitive and Secondary was fundament! 
The Primitive was strictly the original, basal rock formed 1 
crystallization from chemical solution before organisms livei 
and the Secondary rocks were of secondary origin, made o 
of fragments of the older and always lying above them, 
the original classification of Lehmann, Secondary included . 
the stratified rocks, as we now describe them, and in t 
classifications for some years following Lehmann the tei 
Secondary was applied, though in a restricted sense. 

Cuvier and Brongniart's and Riboul's Contribution!. — Cuvi 
and Brongniarlt proposed the name Tertiary for the roc 
classified as Secondary by Lehmann, but lying above what 
now known as the Cretaceous system ; and Quaternary w 
used by R^boul \ in 1833 for the rocks of superficial positi' 
and of glacial or fluviatile origin. Thus the nomenc 



"J, G, Lchnunn. ■' Vetsuch einer Gesthichte Hon FloetigebiiKcn, eIi 
Berlin, 1766 (Kayier), 17SO IPuggcndorf). Frcncb Iranslitlnn cited by \-j 
"Ewwid'un Hisl. Nnl. de» Couches de U Terre," 1759. See Ljrell. "Prii 
plea," vol, I, p. 71, and Conybeare and Phillips, " Geology," p. vi and p. 1 
Johann Gotitob Lehmann tiled in St. Petersburg, 1767. 

t Cuvier and Brongniarl, " Descr. Geol. Ucs Environ* de Paris," e<Ll, it 
P-9. 

t Rtboul, "La G£o1ogle de la Piriode Qualcrnalre," Svo, 1&3J. Wat 
BuU. So«. Vauduie des Sc. NaL, tv. 41, 13(4- 
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ture of Lehmann, which was proposed originally to indicate 
the derivation of the Secondary from the Primitive, was 
expanded on the basis of stratigraphic succession, and we 
observe the anomaly of a retention of two names (Tertiary 
and Quaternary), formed on the principle of Lehmann*s 
terms, but his own terms, as well as his theory as a basis of 
classification, entirely discarded. 

Werner's Perfection of the Lehmann Classification. — Werner 
(1750-18 1 7) elaborated Lehmann's scheme and modified it. 
He was the great teacher of geology at Freiburg, Germany, 
in 1815, and left his impress upon the geologists of the time, 
though he wrote little in the way of systematic exposition of 
his theories of classification. He adopted Lehmann's Prim- 
itiv Gebirge^ but of the Secondary rocks he made a lower 
class, which he called transition rocks {Uebergangsgebirge)\ 
they were stratified, contained none or but few fossils, and 
were more or less oblique in position ; these characteristics 
were observed in northern Europe, where he studied them. 
The remainder of the original Secondary rocks he called 
Floetzgebirgey or flat-lying formations, and these were the 
equivalents of Lehmann*s Secondary in the classification of 
the early part of the century. Later, the Wernerian school 
called the formations above the Cretaceous fieiccs Floctzgcuirge^ 
to which, as they were studied in the Paris basin, Cuvier and 
Brongniart, in the latter decade of the last century, applied 
the name Tertiary^ which still remains in the scheme. Wer- 
ner called the looser, overlying, unconsolidated rocks mige- 
ichwempt Gcbirge, or alluvial formations, which were after- 
wards, as above stated, called Quaternary by R^boul and 
Morlot. 

The classification of Lehmann, as perfected by Werner, 
^2is then as follows : 

German Names. English Equivalents, 

IV. Angeschwempt Gebirge. Alluvial formations. 

Ill, b. Neues Floetzgebirge. Tertiary 

a. Floetzgebirge. Secondary 

II. Uebergangsgebirge. Transition 

I. Ui^ebirge, Primitive 
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These were the formations which made up the geological] 
series as then recognized. Volcanic rocks were looked upoa 
as local formations, and of small account in general classifica- 
tion. But they came to be more deeply studied by Werner, 
and his notion that trap was of aqueous origin led to much 
controversy, and gave chief prominence to his views (the 
Neptunian theorj^) and to that classification of rocks which wiD 
be next considered. The rocks of igneous origin, although 
sometimes interstratified with sedimentary rocks, do not entef 
into the present geological time-scale, and for the present 
purpose further consideration of their classification is unneces- 
sary. There has always been a remnant of rocks at the base 
of the scale, the consideration of which may be discarded 
here, because it is chronologically known only as below those 
rocks of which distinct evidence of their relative age is appar- 
ent. The name Primitive has been changed to Primary, and 
finally to Archaran, a name which was proposed by Dana,* 
and is likely to be permanently retained for some of the ba.sa 
part of the series. 

This first comprehensive classification of rocks may b 
called the Lehmann classification. It was based upon 
slrucliiral analysis of the rocks in the order of their actus 
positions. The nomenclature is applied on the theor)' c 
relative order of formation. 

Richard Kirwan and Geology at the Close of the Last Centnry.- 
Kichard Kir^van**- claimed to he the first author to publish 
;.^tneral treatise on (leolo^^y in the English language. Al 
lli'Hi-li tile 1)1 >ok is written in a decidedly controversial spirit 
til' ..atlior ai)j)ears t<) ha\e hat! a thoroui;!! acquaintance wit 
:li ■ \.iri<)U^ treatises i:i I-'reiich. (u-rniaii, Latin, and Elnglish 
:•• v.iiich wer;.' i\j>ri>^ed I <»nt(nij)< Mallei »us opinions regardin 

!''ica! ^i.i'sue. !!«' wa^a l-'ell.»\\- (>f the Roval Societii 
■ t j ..T^li.ti a;nl Mtlinl)U]-.Ji. niriiihi-r of tju- Roval Irish Acai 
I ■,■■.. .ir.d <•:' Acatieinii - i;i St'»ckliolin, ^'|).-^ala, Berlin, Mai 
k\.- •■•!. and riiilatK lj»lii.i. and ln>j)ector General of h 
\\\ I ■ ty's mine- in the kin-iloni of Irkland. It is probabl 



* Amrr. I«»nr. Sti.. v'lir. 21;^. 1S74. 
\ *' Gc'il'igital lOssays," Lnndoii, 1799. 
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therefore, that he presents a fair idea of the opinions which 
underlay the Lehmann classification. According to Kirwan's 
book the rocks were originally in a soft or liquid state, the 
centre of the earth was supposed to be hollow, or the whole 
earth was a solid exterior crust with immense empty caverns 
within. The materials of the earth were then in a state of 
fusion or solution, and by condensation, as time progressed, 
the solids were crystallized out and deposited from the chaotic 
fluid. The water contracted its surface and lowered upon it 
by sinking into the interior cavities. With the deposition of 
the primitive rocks from the chaotic fluid, the water became 
purer. Mountains were conceived of as the local points of 
original crystallization which drew to them, in the process, 
the minerals from the general fluid. As the waters gradually 
withdrew by evaporation and sinking into the interior caverns, 
they became clarified and capable of supporting organic life. 

Ktrwan says:* **The level of the ancient ocean being 
lowered to the height of 8500 or 9000 feet, then, and not 
before, it began to be peopled with fish.'* (Under the name 
fish he included shell-fish and all other petrifactions.) The 
plains were formed of depositions from the water of argilla- 
ceous, siliceous, and ferruginous particles, mingled with those 
derived by erosion from the already protruding mountains. 
All the rocks above the height mentioned, he observed, quot- 
ing from testimony of numerous travellers, **are lacking in fos- 
sils; even the limestones are crystalline or * primitive ' lime- 
stones and marbles.*' These observations were cited in refuta- 
tion of Buffon*s ** error ** in claiming that all limestones were 
derived from comminuted shells. According to some author- 
ities, primitive mountains should include rocks of cvjcn less 
height than 8cxx) feet, and the occasional presence of fossils 
at a greater elevation was by them accounted for by their 
transference to that elevation by the deluge. 

Geological Monntains (Oebirge) and Formations. — This account 
of Kirwan's will suggest the way by which the rock formation 
first came to be called ** Gebirge,'' or mountains. Rocks )verc 
supposed to lie as they were originally formed, and thus in 



• «< 



Geological Essays," p. 26. 



l6 GEOLOGICAL BIOLOGY. 

classifying rocks the larger aggregates were naturally moun- 
tain masses. As the conception of movements in the earth's 
crust with folding and displacement came into the science, 
the idea of classification and grouping of rocks was retained, 
but that their grouping was based upon present massing above 
the surface as mountains ceased to be accepted as truth. In 
the German language the term ** Gcbirge'' was retained, and 
apparently with restricted meaning. Kirwan apparently trans- 
lated the term directly into English as mountains. Formation^ 
however, took the place of fuoufitatHy as applied to rock classi- 
fication, in the early part of the century. 

The Formation of Sedimentary Bocks according to Werner ibI 
Ms School. — In the following cut is illustrated the conception 
of the Wcrnerian school of the mode of formation of the 
rocks and the reason for the relative positions each kind occu- 
pies. In the figure a a' a is the supposed fundamental basin 
•of primitive rocks cr^'stallized out from the chaotic fluid as 
described above by Lehmann, and these rocks were hence 
named Urgchirgc, or Primitive rocks. When the ocean 



Y\ .. I.— I)i.f,;ram txpr«*».sinj,' tlir •»iiiijMiNi-tl rii..<Ic of furiii.ini.ii (>f tin- s«'vrral formations ((7#^fV/' 
ai Lord III jij t') ihc \S titRTuiii^. lAticr C •»»>•! ic.itc A. l'hillii>i.) 

K'Vcl liad sunk tn /' l\ (ki^o-^ilinii bri^an and went on till th 
r-Kk^ />/'/>'/''/' \\\'\\: fornu-(l. llic riiuri^dfigsgchirgc or tran 
^iti'-n r<)i.k> of Wi-rncr, whoM- position is oblitjue because o 
C' »iii. »rniit\' to tli(.' >i(lc^ of the oriL/inal mountains as the' 
^t"<»vl in tlu' oriL'inal ^cas. As the surface of the ocean con 
tinurd to sink, tlie de})osits wt-re accunuilated lower ani 
lower down on tlie m(»untain-siiles, and more and mor 
nearly horizontal, r t'c'c and d d'd, which represent th 
Floctzgebirgc or tkit-lyin^ rocks; finally above the nem 
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\tSebirge {lid'tf) were deposited the loose-lying grav<^ 
loils of the valleys, e, of the rivers (alluvial) aod of t 
Ofxid-plains (diluvial).* 

Lchmann's classification, in so far as it goes, expresl 

nblishcd facts of nature, There arc Primitive, Secondal 

riiary, and Quaternary formations, but the theory that 
-v may be defined and determined by physical structure 
1 present relative position is only approximately true. 
I crj'stalline rocks are not primitive, all the secondary rod 
not merely consolidated frai^ments of primitiv 
nc of them are fully metamorphoBcd. All Tertiary rq^ 
' not unconsolidated, as the Tertiarics of California i 
lie. and we now knoiv that altitude above the sea, or rcla^ 
■ '■ position of the various formations, is by no n 
j|"rm and forms no criterion for their determination. 
Wtratr's Clamiflcatlon of Rocks by their Hineral Charact* 
—The next important advance in the classification of rod 
' IV started by Werner and his pupils. It was a classificat^ 
i^vrd upon the mineral constitution of the rocks. As 
Jiidy o£ geology advanced Lchmann's classification was fou( 
Icidt to apply with precision, and it was found to be un- 
1 in that rocks of apparently similar kind were dis- 
iMcd, while rocks of unlike character were brought into 
^nme class. And the mineral character and composition 
:lts was found to be an accurate means of defining them. 
Ilhe mineral characters became clearly understood, 
|F riasSvs received their names from the chief minerals^ 
, ant) finally the mineral nomenclature entirely supi 
^cd the nomenclature of Lehmann, and a second classifij 
1 arose in which the theory of the original order of fort 
"ti of the rocks gave place to the actual sequence of mini 
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TUSt. In this study of minerals Werner w 

< leader, and the cUssifications at the beginning | 

:nt century were mainly his or adaptations of then) 

r. D. Canytaafcanil Vfilliiifn Philli|»> - Ourlinc atlhe Geology t4 Z«iH 
.1U»% with nn InlFCHlociory cumpenilliiin i { the gcncfsl prioclplu a ' 
h^Miil CDinp>r»li«a «i«WB ul liic tUucIuic <■) (urelfn countitM,'' ( 
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Gonybeare and Phillips's Perfection of the Wernerian SyitNk 

— The form which the geological scale assumed in Englidi 
geological systems is seen typically in Conybeare and Phillips*! 

Geology of England and Wales (1822). Arranged in order 

from above downwards, it is as follows : 

I. Superior order, (Neues Floetzgebirge of Werner.) 

II. Superntedial order. (Floetzegebirge of Werner.) 

(i) Chalk formation. 

(2) Ferruginous sands. 

(3) Oolitic system or series. 

, . ( Red marie or New Red sandstone. 
' \ N ewer Magnesian or conglomerate limestone. 
III. Aledialy or Carboniferous order. 

(1) Coal-measures. 

(2) Millstone, grit and shales. 

(3) Mountain limestone. 

(4) Old Red sandstone. 

De la Beche. — De la Beche* carried out the system more 
completely, calling the first, or superior order, Super cretaceous 
jiroitp, and applying the terms Cretaceous^ Oolitic^ and Rti 
saudstonc to three groups into which he divided the second 
order, and giving the third the name Carboniferous group* 
Ik' low these he recognized Werner's Grauwacke group, for 
what was the lower part of the original Ucbergangsgebirge 01 
Jiis earlier classification, and below this were the infcrU^ 
stratified or non-fossilifcrous rocks, and the unstratificd rocks* 
All of the names, it will be obser\'ed, are names indicative 
of mineral characters. 

Maclure*8 Application of the System to American Bocks. — I 
we turn back to the year iSi/wefind the same Wemeriar 
^y^tnn applied to the classification of North American rocki 
1)\- William Maclure.+ The author writes : " Necessity dic- 
tates the ailoption of some system so far as respects the clas- 
situation and arran'^ement of names. The Wernerian seem; 
to he the most suitable, first, because it is the most perfect 
and extensive in its general outlines; and secondly, the 

* "A lic'olo^fic.il Manual," 3d edition. 1S33. 

f " Observaiions on the Geology of the United States of America," Phila 
delphia. 1817. 
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niluic and relative situation of the minerals in the United 1 
Sutcs, whilst they are certainly the most extensive of any I 
ncid yd examined, may perhaps be found the most correct 1 
duciilation of the general accuracy of that theory, so far as I 
(wpects the relative position of the diflerent series of rocks. 
The classification there set forth is as follows (in the order ] 
from below upwards) : 

Class I. Primitive rocks. 

I ass II. Transition rocks — including (i) transition lime- 
stone, (2) transition trap, (3) greywacke, (4) 1 
transition flinty state, (5) transition gypsum. 
KSS III. Fhcts or secondary rocks — including (i) old red ; 
sandstone, (2) 1st floetz limestone. (3) 1st 
floetz gypsum, {4) 2d variegated sandstone, 
(S) 2d floetz gypsum, (6) 2d floetz limestone, 
I {7) third floetz sandstone, (8) rock-salt for- 

I mation, (9) chalk formation, (lo) floetz-trap 

I formation, (11) independent coal formation, 

I (12) newest floetz-trap formation. 

Bs IV. Alluvial roeks — including (l) peat, (2) sand and J 
I gravel, (3) loam, (4) bog iron ore, (5) na^cl I 

1 fluh, (6) calc tuff, (7) calc sinter. 

Ottce that in this classification the "coal formation" 
placed near the top of the secondary rocks, the "rock-salt 
fontiation" near its middle, and the "old red sandstone 
iU base. Later investigations did not confirm Maclure's i 
opiitioR of the accuracy o: Werner's system as applied to 
American rocks. 

AmM XatoD'i Clauifloation of the Hew York Bocks.f — Amos | 
Ejlon's classification of the New York rocks is an elaboration ' 
^ tJic same system. 

Princlplet involved in the Wernerian Syitem of Claiaifloa- 
tiw — In rach of these classifications, except in a few cases 
of liic retention of distinctions based upon the structural aiial- 
Va, the whole nomenclature and classification is based upon 
"••nenilc^ical composition of the rocks. In the succeeding 
?fopcss of the science a great part of the nomenclature has j 
:: replaced by other names composed on a different prin- 
' I XiMtrvMlom, etc.," p. z8. 

' Geulucica] and ABticullutal Sutvt^j «l \\i* Cl^«M^fl 
flie Sialc of .Vcw Votk," A\l)any, \\1\. 
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aple, but many of the divisions here recorded are still re- 
ained. This latter fact we may interpret to mean that dis- 
inctions based upon mineral or lithological characters are of 
real and permanent value in geological classification. 
'he history of development of this system from the first, or 
.ehmann's system, shows that the linear order of the series 
>f formations in the list is based on the conception of a time- 
: and a natural order of succession of the several forma- 
lons. The Wernerian classification in this respect \vas a 
orrect one for the rocks in Northern Germany for which it 
fas constructed. The English scale expressed the facts of 
equence, so far as known, for the English rocks, but the 
ttenipt to fit either of them to the facts in North America 
nphasized their imperfection. The fundamental error in 
he Wernerian system was the assumption that the scale of 
lorthern Germany was a universal scale, or, expressed in 
^neral terms, that the mineralogical constitution of a rock 
cars some necessary relation to its place in the stratigraph- 
al scriei, 

Fouilfl substituted for Hinerala in claBsifying Stratified 

-The next step of progress in making the geoIogieaJ 

ime-scale arose from the study of fossils. Fossils had been 

ierved and recognized as organic remains for centuries 
leforc Lehmann and Cuvier. Lehmann, and he not the first, 
ibserved that Primitive rocks did not contain fossils, whils 
Jccondary rocks contained some, and what are now called 
rertiary rocks contained them abundantly. But it was not 
mil fossils were closely studied, their characters examined* 
md the species compared and classified that their importance 
^as realized. 

GoTier and Brougniart. — Cuvier and Brongniart are gcncr- 
lly credited with being the first to establish the scicntilic 
Bportance of fossils,* In 1796 Cuvier had called attention 
I the fact that elephant bones discovered by him in the 
'aris basin were ditTerent from the bones of living spcdes- 

Ihus drawing a distinction between living and exdnot' 
ilmaU, as implying present and past groups of living bcing*v 
» foundation was laid, not only o( Pai.-tontology, but of 
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>'' field of investigation into the history and evolution 
^nisms. Cuvier and Brongniart, applying their mcthot 
Jtulysia to the rocks of the Paris basin, succeeded in cl; 
11^ thetn into strata, and in defining the separate stral 
.lixal divisions in terms of the contained fossils. T! 
^ basin rocks, being found to lie above the Cretaceoi 
t ■- uf France and England which represent the top me 
i the secondary' formation of the Li^hmann classificatii 
I named Tcrtiarj" to indicate their geological importani 
'■ their relative position in the geological scale. Thi 
jralistft did not. however, perfect the geological classifica- 
which their biological studies suggested. 

a Smith and Lyell. — William Smith in England 
Iked the value of fossils as means of identifying strata ii 
!nt regions, and others had some part in the elaboratioi 
i principle involved, but Lyell, more than any one else^' 
ted the scheme of classification of geological formations 
E brwis uf their fossil content! 
rU'i Claui&cation of the Tertiary into Eocene, Miocene, and 
—The first attempt to use fossils as the fundamental 
kf tt classification of geological formations was made 
Kin the ctaiLsification of the Tertiaries of England. 1: 
Rund edition of his " Elements of Geology," publisher 
11, wc find him saying: "When engaged, in iSsS, in 
J my work on the Principles of Geology, I conceived 
X of clissing the whole series of Tertiary strata in fourj 
t, and endeavoring to find characters for each, expressi' 
Br different degrees of affinity to the living fauna." + 
m'tical comparison was made between the proportion' 
gibers of recent and of extinct species in the several 
■OS of the Tertiary rocks of England. The result is 
pn the following table : X 

"r-nliw,ar' "ni..ine» Valley, 99~ICJ0 

: iiline Crax, ao- 30 

ew, 1; '^i. .<! uu|>uMtth«il nuin *a<l Bccliunt ot ihe A: 

■ jPlMMCctiiury. 
ftijCaplcU I'om 111* " Clcmcfit*,' id vi., \<A. \. 
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In the nomenclature here proposed Eocene is derived (rom 
the Greek y/ws, dawn, and Kaivos, recent; Miocene from 
^elor Kaivos, less recent ; Pliocene from nXeiov Kaivos, more 
recent ; and the definite meaning of the nomenclature and the 
classification is to signify that the strata called Eocene contain 
the first traces of the fauna now living, the Miocene strata 
a small proportion of the living species, the Pliocene and 
Post-lMiocene more and still more of the living types, and 
that the whole of the Tertiary is distinguished from the 
Secondary and all older beds by containing some representa- 
tives of the faunas now living. 

In this earliest attempt to estimate time-relations by bio- 
loi^ical data, Lyell, like his contemporaries, considered species 
to be sharply defined natural groups, and therefore it was 
that the relations between a fossil fauna and its recent repre- 
sentatives could be expressed in mathematical terms, indicat- 
uv^ the number of identical species. The principle underly- , 
in^^ the classification, however, was of a deeper nature, and 
Concerned the orderly succession of faunas and floras in time. ' 

Extension of the Lyellian System by Forbes, Sedgwick, tal 
Murchison. — From the application of this method of timc- 
anal\'sis to the Tertiary beds, it was extended to an anal3rsis 
of the whole series <^f <:^eol(^^ical formations on the basis of 
their ort^anic remains, and the Lyellian classification took the 
pi.ice of the older Lehmann classification as follows: 
In place of Tertiary we have Cainozoic. 

*' Secondarv ** Mesozoic. 

'* Transition ** Pal.x'ozoic. 

*' IViniitive ** Azoic. 

'I' hi-; latter classification and nomenclature was gradually 

l);ii.t 11]), and mainly b\' I'!,n;4lish ideologists, as the Lehmann 
l:^; \\\rneriaii i la>sincati«»n was lartjelv elaborated bv 
(ir::ii.i;i and l''r^-nch uenidL-ixiv;. 

r.'luan.l I'''»rl)rs jji'opc.sed to divide the known faunas and 
ll-i.i- inl'» t\\'» L^rrat ;.m"«>iii)s. Ni'o/.oic (nioderni and l*al;eozoic 
.i:u:. !it). The tw<» terms Pal.i-i»/Mic and I*roto/.«»ic were pro- 
}»■-« w alxiut llu- *^.iine time. Pal.i-o/«M\: by Sedgwick, tor the 
lium.ilion^ known to he fo-^silifL-rou^, extendinj^ from his 
i'>u I r C.imbrian upwards to include Murchison's Silurian sys- 
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tem, and Protozoic was a provisional name proposed for pre 
Cambrian rocks which might be found to contain fossils.* 

In his " Silurian System." Murchison proposed Protozoic in | 
the following words: " For this purpose I venture to suggest I 
the term 'Protozoic rocks,' thereby to imply the first or \ 
formations in which animals or vegetables appear." i- 
Without entering into the delicate question of apportion-^ 
the honors due to each of these great English geologists, J 
! may be said that in this early usage of the terms, the dis- 
:Ltion between Protozoic and Palaeozoic was ideal — and in 
Her developments Paleozoic has been retained for that 
iuwer great division of the scale containing distinct remains 
u( organisms, with the Cambrian system at the bottom. To 
iliriw the connection with the older nomenclature, it may be 
■ cA that Paleozoic is equivalent to Primary fossiliferous, 
i in the "Silurian System" Azoic was applied to the 
1 rimitivc rocks of the Lehmann system, 

FkilUpi'i Scheme — John Phillips, in 1S41, proposed to ex- 
tend this method of classification to the whole geological series ; 
inil as his scheme was apparently the first complete dassifica- 
tion constructed on this basis, it is offered as it appeared in 
"Palxozoic Fossils of Devon and Cornwall." § 
siriTof Ofg^irAffinilies. Ordinary T.tk. 

( Upper = Pliocene Tertiaries. 
X Middle = Miocene Tertiaries. 
( Lower = Eocene Tertiaries. 
( Upper = Cretaceous system. 
< Middle = Oolitic system. 
( Lower = New Red formation. 
f .. y \ Magnesianlimestoneformation, 
I Carboniferous system. 
'!-eozoic strata : ^ Middle? Eifel and South Devon. 
Transition strata. 
Primary strata. 

•Swlgwiek, Prot- Grol. Soc., vol. \\. p. 675, London, 1838. 
jMuKhiaan. ■- Silurian Sysleni." p. 11 

tc AmtHatH Journal a/ SeitHtt, vol. xxxix. p. (67, iSqo. 

11, p. i6u. Se« also Penny Cyclopmlia, article* "Geology,** 
Ic Roelo." '• S«lKeroo» Syttem." etc. 

■ an foundetl on the verb Zrieo or Caiw, 10 live : coinblttei«\il^ 
tl or wliltlle : and jrnA.rid!, ancient. 



Cainozoic strata: 



Mtwioic strata: 



Lower = 
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II. Tertiary Period : 



[ 



Joseph Le Conte proposed Psychozoic, on the same prii 
ciple, for the latest geological period in which man h. 
appeared.* 

Chronological Succession included in Lyeirs System. — Lye 
proposed to make, on this basis, a geological time-scale, an 
he applied the term Period to each of the several divisions ( 
the scale. Thus we find in his Geology, f second edition, pul 
lished in 1841, a recognition of the time element in classif 
cation, without, however, the adoption of the biologic; 
nomenclature. He gives a table ** showing the order ( 
superposition, or chronological succession, of the principj 
European groups of fossiliferous rocks." Under the headin 
** Periods and Groups" we find the following: 

I. Post-pliocene Period : X ' ,. ^ /. 

^ ( B. Post-pliocene. 

C. Newer Pliocene. 
. D. Older Pliocene. 
I E. Miocene. 
l^ F. Eocene. 
G. Cretaceous group. 
H. Wealden group. 
I. Oolite, or Jura Limestor 

group. 
K. Lias group. 
L. Trias, or New Red Sandstoi 

group. 
M. Magnesian Limestone grou 
N. Carboniferous group. 
O. Old Red Sandstone, or C 
vonian group. 
\\\ Primar}' Fossiliferous \ P. Silurian group. 
Period : I Q. Cambrian group. 

Later Lycll adopted the biological nomenclature, and w 
l)r«>ininent anioiiL; geologists in developing; and elaborating t 
idea of the successive appearance of new types of organisi 
C( (ordinate with the progress of L^^ojooical time. 

Dana's Elaboration of a Geological Time-scale. — Dana w 
the first to classify and teach the facts of geology from a pure 

* See Le Conic, "Elements of Geolojjy," firsi ediiion, New York, 1878. 

' " EJements of Geology." second edition, London, 18^1, voL II. p. 17 
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bI point of view. In 1856* he wrote: "Geology 
imply the science of rocks, for rocks are but incidents 
earth's history, and may or may not have been the 
I distant pbces. It has a more exalted end — even the, 
»f the progress of life from its earliest dawn to the ap-J 
;c of man; and instead of saying that fossils arc of use] 
rminc rocks, we should rather say that the rocks arc 
or the display of the succession of fossils. . . . From] 
(grcss of life geological time derives its division 1 

has been so beautifully exhibited by Agassiz." 
erring to the nomenclature he used in the classification 
:rican geological history he speaks of having adopted 

subdivisions of the Paleozoic the names given 
rvr York geologists: but, he adds, "I have varied] 
IC ordinary use of the terms only in applying them tdj 
iods and epochs when the rocks were formed, so as td 
ic thereby the historical bearing of geological facts.'*] 
mcnclature proposed by Dana in 1856 is given in th^ 
table: 



■ Silurian. 
I. Niagara Period. 



I 1st epoch. Potsdam sandstoncjl 
\ 2d " Calciferous 
( rock. 

11st epoch. Chazy limestone. , 
2d " Birdscyc. 

3d '■ Black River. 

4th. *• Trenton, 

r 1st epoch. Utica Shale. 

2d " Hudson RiverShal 
-! (Hudson River shale an^ 

Blue limestone of Ohio i 
[ parts of the West). 



\ 1st epoch. Oneida conglomei 

\ ate, etc. 

I 3. Onondaga Period. .1st epoch. Gait limestone, eld 
I 3. Lower Helderbei^ Period, etc. 
mian Age. 

( 1st epoch. Oriskany 

I stone, etc. 



I Qtiskaoy Period . 
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2. Upper Helderberg) ^ i. o l i. • --^ * 

jT • t ** > 1st epoch. Schohane gnt, etc 

3. Hamilton Period • • . • ist epoch. Marcellus shales, ctt 

4. Chemung Period . . . . ist epoch. Portage, etc. 

^ ^ 1 n r» -J ( Cat ski 11 red sandstone and 

5. Catskill Period ... . } shales, etc. 

III. Carboniferous Age. 

1. Subcarboniferous ) . 1. ^ , 

Period I ^ epoch. Conglomerates, etc. 

2. Carboniferous Pe- ) ^ , ,.-..,, ^ , ^ 

.J > 1st epoch. Millstone gnt, etc. 

3. Permian Period, etc. 

This classification was further elaborated in his manual, 
the first edition of which appeared in 1863,* and it has become 
the standard classification for American geology. Here w< 
find the larger divisions, called times : I, Archean ; H, Pate 
ozoic; in, Mesozoic; and IV, Cenozoic times. The Palaeo 
zoic time is classified into agcs^ viz. : The age of Invertebrate! 
the Cambrian and Silurian ; the age of Fishes, the Devonian 
the age of Coal Plants, the Carboniferous. The Mesozoic 
called the age of Reptiles. The Cenozoic time includes tl 
age of mammals and the age of man.f 

Each of the ages is subdivided Into periods and epochs^ 
which the stratigraphical groups and formations form t! 
basis, and the particular faunas and floras of each constitu 
the data of determination for the time-divisions. 

The following chart shows the modifications in the nome 
clature through which the classification now in use has groA 
out of the classifications of earlier authors: 



* James D. Dana, " Manual ol Geology; treating of the principles of 
Science, with s|>e( ial reference to American Geological History," ist editi< 
ir?.2 ; 2(i edition, 1S74 ; 3d edition, iSSo; 4lh eiliiion, 1S95. 

f III the article of 185^) the following periods were named (i.e., Trias: 
Jurassic, Cretaceous, Tertiary, and Post-leriiary), but divisions into cpo< 
were in this i)a[)er proposed only for the latter. The divisions of the P< 
lerti.iry were the CJlac ial Kpoch, ihc Laurentian Epoch, and the Terrace Epo 
(ju.iternary has been substituted, in the manual for Post-tertiary, and Char 
iaiii epoch for Laurentian. 

In the last edition (1S95) Era has taken the place of Age in the fom 
eilitions. a Cambrian Era has been recognized in addition to Lower Siluri 
and Carbonic Era has been substituted for Carboniferous Age; the na 
Carboniferous being applied to the formations included under the terms C< 
measures and Millstone grit of the early classifications. 
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The distinctions upon which the above divisions are based 
are primarily stratigraphical, and we have still to seek a tinw- 
classification on a purely biological basis for the whole geo- 
logical series. 

Biological Classification of Oppel. — One of the earliest al- 
teini)ts at systematic classification upon a purely biological 
basis was made by Dr. Oppel in classifying the Jurassic 
formations on the basis of the successive Ammonites charac- 
tcrizini^ the beds.'^ Oppel divided the lower part of the 
Jurassic system \\\\ki Lias) into 14 zones or beds, characterized 
successively from below upwards by their dominant fossil 
forms, chiefly ammonites. 

Thus the successive zones were those of: I, Ammonitn 
pla)hnhis : 2, .]. afigulatiis ; 3, A, Bucklandi ; 4, Pcntacrinus 
tulh rii'.Idtus ; 5, ^/. obtusHs; 6, A, oxynotus ; 7, A. raricos- 
ttitu.s : S, A. (1 mint us ; 9, A. Jafncsoni ; lO, ^. ibex; 1 1, /J. 
Jljii,! ; 12, A. ifiiiri^iiritatits ; 13, A, spinatus ; 14, Posido- 
j/<'/j/]'i Ilrofuiii. Later classifications, elaborations or re- 
\i.-i.»n.> nf ( )pj)crs system, have been made by Wright, in 
iS'>'>: Judd, 1S75; Tate and Hlake, 1S76, etc. This method 
of classification rec«»L;nized the principle of temporary' con- 
liuu ir.ce of s])ecie^ and <»f associated faunas* and it has been 
aiiplird with greater or less success all through the geological 
scale ».f f«»nnations f(»r ihe definition of the lesser divisions. 

As early as 1 S v*^ the importance of the biological evi* 
delict' in determining" the time-scale was clearly enunciated 
l)y MurchisDii, who wrote in tlie introduction to the Silurian 
Sy-teni. " that the ..-('r'A'^^'V/v// contents of rocks, when coupled 
V. iiii thi.ir order of superpi>sitii»n, are the only safe criteria of 
th-. \\ /■;.•." ■^• 

Gcoloi^ical Terranesand Time-periods Contrasted. — The making 
..{ '':•..■ .<•< .1. .;.'ic,ii tinie-^cah' ha< Mow been traced far enough 
I ■ ■..'.' .iriy d« iiionstrate the tact tliat the •>rdinar\- classification 
- ! ■!" >al 1- •rniatioii-^. a-^ f'»uiid in our text-honks, includes 
:\'.'. <:;-tiMct -eric^ of facts: \ \\ /\ oli^inrixl tirrtvics, arranged 
-Iim:; i,ii>ln\ally and cla--ifird hy tlieir positions relative to 






\ < ';■!" '. '* r)i«; Iiir;if«irmaii«»fi, F.ii>j:I;in{ls, Frankrcichs und des sUdwesi- 

\ " riic S'lnri.m Svstri!i " ji. .>. 
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each other and by their lithological characters ; and (2) chrono- 
logical time-periods J which may be locally marked by the 
stratigraphical division-planes, but which depend, fundamen- 
tally, upon biological evidence for their interpretation and 
classification. Gilbert * has concisely expressed the impor- 
tant fact of the purely local nature of the division-planes 
separating the formations stratigraphically into stages, series, 
systems, or groups in the words : * * There does not exist a 
world-wide system nor a world-wide group, but every system 
and every group is local." ** The classification developed in 
one place is perfectly applicable only there. At a short dis- 
tance away some of its beds disappear and others are intro- 
duced ; farther on its stages cannot be recognized ; then its 
series fail, and finally its systems and its groups." 

If we accept the correctness of this statement, it is evi- 
dent that geological terranes and the stratigraphical division- 
planes by which they are marked, although indicative of 
time succession, present nothing in themselves to indicate 
the particular place they occupy in a time-scale. Even were 
the age of a particular stratum in one section accurately de- 
termined by other means, there is no stratigraphical or litho- 
logical mark upon the rock stratum by which the correspond- 
ing age can be recognized in another section. This is not 
meant to imply that it is impossible to trace a stratum or 
formation from one section to another in the same general 
geological province, for in such case it is a process of tracing 
with slight interruption the continuity of the one terrane. 
But when we pass from one basin to another the physical 
continuity is broken, and the stratigraphy and lithology were 
made on a separate basis. Hence we reach the conclusion 
that the perfecting of the geological time-scale must be 
wrought by the means, primarily, of organic remains. Chro- 
nological time-periods in geology are not only recognized by 
nieans of the fossil remains preserved in the strata, but it is 
^0 them chiefly that we must look for the determination and 
classification of the rocks on a time basis. 



*G. K. Gilbert, "The Work of the International Congress of Geologists." 
^ Am. Assoc. Ady. ScL, August, 1887, vol. xxxvi. p. 191. 
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United States Oeological Survey Definitions of Formation sil 

Period. — This principle is clearly enunciated in the rules 
adopted by the United States Geological Survey for the 
direction of the Survey.* ** Among the clastic rocks there 
shall be recognized two classes or divisions, viz. : structural 
divisions and time-divisions." **The structural divisions 
shall be the units of cartography, and shall be designated 
formations. Their discriminations shall be based upon the 
local sequence of rocks, lines of separation being drawn at 
points in the stratigraphic column where lithologic characters 
chan<;e. . . . The time-divisions shall be defined primarily 
by pahvontology and secondarily by structure, and they shall 
be cMcd periods*' (p. 65). We have thus reached the stage 
in the making of the geological time-scale at which the ideas 
of the gcoloi^ical formation and the geological period have 
become thoroughly differentiated. The geological period as 
a time-unit is primarily defined by the characters of the fossil 
remains in the rock, so that the elaborating further and mat 
Jul; more precise the geological time-scale must come from a 
direct study of the life-history of organisms as recorded in 
thi; stratigraphical formations. 

The classification of time-divisions made on this principle 
by the L'nited States Geological Survey is expressed in the 
Tenth Annual Report as follows: 

l^criod. Letter Symbol. Color used in Mapping* 

Neocene N Orange 

Kocene E Yellow 

Cretaceous K Yellow, Green 

J lira-Trias J Blue, Green 

C.irboniferous C Hlue 

1 )« \ « mian D Violet 

Silurian S Purple 

(.'.iinhriaii C Pink 

AI;.^"!ikian A Red 

Eiijjlish Usage. — The I'-nt;lisli ^eoloirjsts maintain the dom- 
iii.tiKi of the nystcin^ as the ba.sis of classification, and deal 
with the ^eoln^ic.il formations as prime factors, considering 
thf pcri(Kls as secondary and as dependent upon the forma 

* Kc|>i>rt of the Direriiir in the Tenth Annu.il Report, 1S90, pp. 65-6S 
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tions. In geological text-books and in other geological liter- 
ature of America, when Silurian, Jurassic, or Cretaceous is 
used alone, the Silurian, Jurassic, or Cretaceous Period is 
meant. In English literature, however, system is generally 
understood when not otherwise specified. 

Geological Systems the Standard Units of the Time-scale. — The 
final result of these attempts to arrange chronologically the 
geological formations is found in the standard classification of 
the systems. The systems were originally groups of success- 
ive rock-formations; their limitation was therefore deter- 
mined, in the first place, by the extent of the rocks in the 
particular region where they were first defined. Hence the 
series of formations constituting an original system is in each 
case a standard of reference, and its general application is 
accomplished by determining its equivalent formations in 
other regions. 

The time-periods are the periods represented by these 
systems; hence the periods of time-duration receive the 
names of the systems which were formed during the periods. 
The expression, the Cambrian Period, means the period of 
time during which the Cambrian system of rocks was forming, 
or the period in which the Cambrian faunas and floras lived. 
It is all-important to know what formations make up these 
standard systems; for only as other rocks contain the same 
faunas or floras can they be identified as of equivalent age, 
and therefore as belonging to the same system. The real 
time-indicators are, therefore, the fossils, although the rock- 
formations which held the fossils give us the names for the 
chief divisions of the time-scale. 

THE GEOLOGICAL SYSTEMS. 

Cambrian System. — The Cambrian system was defined by 
SedgA\-ick, and the name was applied to formations studied in 
^orth Wales. In the original definition of the system (1835), 
ma paper by Sedgwick and Murchison,* the extension of the 

*"0a the Silurian and Cambrian Systems, exhibiting the order in which 
^ older sedimentary strata succeed each other in England and Wales." 
^"tiiii Assoc, Aognst, 1835. 
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system was too low, including rocks later recognized to h 
oKlcr than the Cambrian system (the ** Lower CambriJi| 
j^roiip " of iiS35K and too high, in that the ** Upper Cambriaj 
^Moup " of this first paper was claimed also by Murchisonial 
his oiij^inal Silurian system; and in fact the Upper Cam- 
brian <»f Scdi^wick is the same strat {graphically with I'ac 
Low I 1" Sihirian of Murchison, as at present used. TheCam- 
hri.m s\strni includes the ** Middle Cambrian*' of the 1S5} 
piipcr, which is composed of the following fomiation. \iz.* 
1 -«)ni;ir.\ncl, Harlech, Menevian, Lingula flags, and Tremadoc. 
riu- rn^ ks at first were believed to contain no fossils: later. 
fi.s^iU were found, ami were more fully elaborated in Bohemia 
b\- I).ir:Mii(le, and defiiieil bv him as the " first fauna." In 
i.ii- f t' >rrelaliu!is, and in other countries this first or priir.JV- 
ii;.i] l.iiiii.i uf Harr.mde has been the distinguishing evidenccof 
t ii- < "iiiibriaii jx-riod of tinu:. 

I !i'- r.mibrian system in Xorth America includes three 
"]'-;: ihr ( arlirsi. or lowest, the (I) Georgian group, typi- 
I .; )r» -riited ill the shales and limestones of that name in 
«;;i \'vr;n'»nt, and c«>ntaininL^ a fauna characterized by 
Ml «!Ke of tht ih'i iiii/.'fs. a ^enus of Trilobites. The 
■ ! ■ 'T mid. Ill' ili\i-ion is iJu: Acadian group, typically 
■ :: :;il!iv- loiiii ^A --halc^ An<\ >l.iti'^ in ICastem Massachusetts 
; ■: \ ^\ lii Mil ^w i^ Is", .md in Ni-w foimdland, and ci^ntainiuii the 
1'." :::'M(!i . i.iima, or the faiin.i witli the trenus Parndoxid^^- 
1 ■•.' iliir-i di\i>ii»ii is lh(; Tot-^dam L^nnip, and is typically 
]-. ;«:■' ' :«d in ^andsioiu-s about the base of the Adirondack 
:■:■ '^m:.!!!!-;. and contain-^ the L;emi> Pin/IiUr/'/iiilHS. 

Oi(lt»vician System. --'V\w ()Uh'.\hiA\ svstkm is a nam^* 

■■:■ ■•■ '1 b\' 1 .aj)w<)ilh. in iN,"'*. a^ a Mibstitute and conipn'' 

: >: thi I iM*' '■ ^ aml)ria:i of Se(l;.;w ick and the Lowc^' 

1'. ■■! MMielii-oii. I), .ih .if whieh co\ i ml the same inter- 

■• ; \\\y oii.iii.i! \i-^.i'.i- «»f which in currt-nt ir^^oloLrical 

. ; . ■• .' th.' ;.;i ■ .]. •■;i^t-^ o| t hr tUi' >ch«)oU havc. since the 

: ..'i. 1 ihi- -iiithor^, ^trrnutni-^ly maintained. The standard 

■■• !ih1.*; .ir«- in W'aK-i .md Western lji;_^land. and .ire the 

.\ 1 .i.iiiilril. » tl.i'.;^. ,md H.il.i or ('ara(l«)C. The fauna is 

t-; ■ v.»nd f.iima " i»f H.iirande, and the standard system in 

Ximriv.i inclmles the (.'alcifen)us ;^noup, typically 
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represented around the borders of the Adirondacks, the 
Chazy, also at the eastern part of the Adirondacks ; and the 
Trenton, expressed typically at Trenton Falls and on the 
'\\'estem slopes of the Adirondacks, and extending southwest- 
ward. 

Silurian ByrtenL — The Silurian system, as now re- 
stricted, is the Upper Silurian of Murchison as defined in 
1835 to 1838 and later. It includes typically the Mayhill, 
Wenlock, and Ludlow formations, as defined in the Silurian 
system of Murchison, of Western England. The fauna is 
daracterized as the ** third fauna" of Barrande. It is typi- 
cally represented in North America by the Niagara, the 
Salina, and the Lower Helderberg groups of New York State. 
Devonian System. — The Devonian system is a name, also, 
first proposed and defined by Sedgwick and Murchison in 
1838. The typical rocks were found in North and South 
Devonshire, England. The limits of the system, strati- 
graphically, were not so definitely fixed as in the previous 
cases, the system having been founded originally on the dis- 
tinction of the fossils, which by Lonsdale were determined as 
constituting a group intermediate to the Carboniferous and 
the Silurian faunas. The fossils from which the original de- 
termination was made were from the limestones of Plymouth 
and Torbay, South Devonshire. Later investigations have 
shown them to be of Mesodevonian age. The Devonian sys- 
tem was originally intended to include the rock series from 
the top of the Silurian to the base of the Carboniferous. 
The lowest member of the system in South Devonshire is the 
Foreland sandstone, and the highest are the Pilton beds, 
near Barnstaple, North Devonshire. There are what arc 
known as Lower, Middle, and Upper Devonian faunas, and 
recent investigations have led certain European geologists* 
to set the lower limit of the Devonian system low enough to 
indude part of what in North America are called Lower 
Helderberg group faunas. In America the standard Devo- 
nian system comprises the Oriskany sandstone, the Cornifer- 



*See Kayter, " Die Fauna der ttltesten Devon-Ablagcrungcn des Harzes " 
wKn 1878), and papers on the Hercynian question. 
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ous, the Hamilton, and the Chemung, including the CatA 
group, all typically represented in New York State. 

Carboniferous System. — The CARBONIFEROUS system, 
now limited, was first defined by Conybeare in 1822.* 
his original grouping he included with the Coal-measures 
Millstone grit, the Carboniferous or Mountain limestone, 
the Old Red sandstone of England, typically representet 
north England in the Pennine range, and not fully re 
scntcd in any other one section in England. In England 
Permian was regarded as a distinct system by Murchison, 
as lying unconformably upon the lower strata; but the 
mian fauna and flora both have closer affinity with thos 
the Coal-measures below than with the later Mesozoic tv 
and on paleontological grounds the Permian is now class 
as the upper group of the Carboniferous system. In N 
America the standard rocks of the Carboniferous systenr 
the Mississippian series, formerly called Lower or Sul 
bonifcrous, of the Mississippi valley, having for its lo 
member the Kindcrhook or Chouteau forniation, and fo 
upper member the Kaskaskia or Chester limestones 
shales. The middle member of the Carboniferous systc 
ihc Coal-measures and underlying conglomerates, typi 
represented in Pennsylvania; but in the western part ol 
continent it is not coal-bearing, but consists of massive m; 
limestone. The upper member is typically seen over! 
the Coal-measures in Kansas and Nebraska and farther y 
ward and southward; it contains a marine Permian fr 
and is represented in Pennsylvania and Virginia by a p 
bearing series terminating the Coal-measures. 

The Post-paleozoic or Appalachian Eevolntion. — The chi 
l'>:.,M'cal (iivisjon-liiu' between the Carboniferous system 
till- rri;i-^>ic is a very inij)ortant one. both gt-ologically 
pala-ontologicallN'. In America the ])oint is indicated b] 
Appalachian revolution. It constitutes the division bet 
llie t(.rrane^ of the Pala-ozoic and the Meso/.oic times ii 
hi-^t')rv of opjanisnis. After the close of the Cart)onif< 



♦ r<)nylK-;iro ai)«] Phillips, " Ouilincs of ihc Geology of EnKJand and \N 
Litndori. 1S22. 
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in North America the great part of the eastern half of the 
United States was raised permanently above water, and is 
therefore, except at its margins, devoid of records of later 
marine life. A border of a few hundred miles on the east and 
south contains Mesozoic and Cenozoic deposits and their 
characteristic fossils; but the larger part of the areas covered 
byTriassic, Jurassic, and Cretaceous deposits are found west 
of the 97th meridian, or of a line running from the western 
border of Minnesota to the western shore of the Gulf of 
Mexico. The disturbances recorded in this elevation of the 
quarter of a continent were felt in other parts of the world, 
and occasioned great shifting of marine conditions of environ- 
ment, causing migration or extinction of great numbers of 
organisms, and opening up new regions with new conditions 
to which the organisms of the Mesozoic were rapidly ad- 
justed. 

TriasMC System. — The Triassic System was first defined 
by Alberti in 1834.* The rocks which were grouped together 
to constitute the Trias system are the Bunter sandstone, 
overlaid by a middle calcareous member, the Muschelkalk, 
followed by sandy shales, and the Keuper; and they are well 
represented in central and southern Germany. 

This system is poorly represented in eastern America — so 
poorly that the United States Geological Survey proposes to 
join the Trias and Jurassic of America into a common group, 
calling it the Jura-Trias system, distinguished by a common 
continuous fauna and flora. In the Rocky Mountain region 
there are thick deposits, mainly sandstones, with few fossils, 
which are intermediate between the Permian, or closing for- 
mation of the Paleozoic age, and the Cretaceous formations ; 
but it is difficult to determine in particular cases whether the 
rocks should be classed with the European Triassic or Jurassic 
systems. In California Dillerf has recently described fossi- 
liferous Triassic terranes containing typical Triassic marine 
faunas. 

* " Beitrag zu einler Monographic des Bunter sandsteines, Muschelkalkes, 
•nd Keupers," Stuttgart u. Tubingen, 1834. 

t" Geology of the Taylorville Region of California." Bull. Geol. Soc. 
An., vol. III. pp. 369-394, July, 1892. 
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Jurassic System. — The JUR^VSSIC System was originaDy 
api)liccl by i^ron^niart, in 1829,* to the Jura limestoni: o( tbe 
Juni Mountains and the associated formations — the Lias, thin, 
rcLiular-hcddcd ar^rillaceous limestones, known in many places 
in luirope and Mnj^land, and the Oolitic rocks, or Oolite, so 
named (^n account of its resemblance to the roe of fish uj'.Ii 
cl;;^, and lithos, stone; roe-stone). 

I'liis Jurassic system is rich in its Ammonite faunas in 
I'.ur<M)c. In America the system is not characteristically 
r< pirs. nleii. but in Texas, in the Rocky Mountain area and 
in ( '.liifornia are seen t\'pical exhibitions of the Triassic and 
Jur.L->ic systems of tlie American type. 

Cretaceous System. - -The Crktaceous SYSTEM is an expan- 
sion <>t the *' (.'h.dk formation " to include the system of rocks 
:i<>.Ki;iti(l willi it; the Chalk of the shores of the British 
(/iici:iiu ! was deserilx^-il in liter.iture under that name befoa* it 
bei ami ( siahlislu.d as tlie name of a <^eological diyision. The 
i)i:ti!i ;;.n|();,Mst J. J. d'()malius tl'llalloy described as /tT- 
7\ii}! ' '■/.'■nt' tile third divi-^inii in his ideological classification 
ct' thi -( condar)- St rata uf northern Kurope, in an essay ^^n 
ih." ;. r-.'.M-ieal maj) «»f lli)lhnuL etc.. in lS22.f 

II :~ L la<<ilK.it inn of the -^ec^Midary rocks was as follo\vS' 
I. ,'. > ' .-///.v /: V(W/.s 'iwdte-lie^entle of the Ciermans) : 2, ttf' 
r/?/A'\ t. '.;■;/.' .■■;.',. //.N it Ik- Jura-^sici; >, trr rains cn'tacc ; 4, tfiasto- 
/7/ '//./,vr 'the lerli.irv <»t <»lher>i; and ;, /"vroiiic {iov the rocU^ 
h.ixiir..', iL,n«ous oriL^^'ni. l*'itton. in iSj4.:{: Lj^rouped together 
int«> a (.ontimmus <erie-^ the r(»cks which were afterward reco^jj- 
wi/<<; as c«>n>titutinL^ the t\'j)ical Cfelaceous system, but \\C 
(li'l i'.i>t name them at the time. The typical Cretaceous n>cki» 
'.I V.v. .Ian<l .md Mnroj>e weri: the \\\al(K-n. the lower (ireen- 
• i:.'. :lie (iaull. thv; upj»er C ii-efu^and. terminating;- with the 
« ":.i". . In N<»rth .\nurica <»ur >landard has bi-en iletennined 
•iijiaii^Mii «it c«»nt.iim-(l ti»s^iU. ,ind the t\*pical Cretaceous 
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■.Hi ■!<'^ r«Tr.iiti- qui c ■nij-'-'^rni I'tv i»r<«- .In ^'l,.)«-." p. 221. 

'ivr.;<'iis ^iir iiri rss.ii 'It- i.iric i;t «i!iii^m^ii«" .iis l'<iV»i-H.is, ilc la 

;«• i|'.'-.-;::f»- «fMi:rifs voi^mk-s" : Mi*m<iirr>. i:li:.. N.iniui, l^-l'^. p. 23, 

. : ' -.r^ I rs •.<•, (iii;^ ih'- >^i'nii.ijir.il rr!.i!i»»ns of tljr l»r<ls l)».'l\vccn the 

a !ru- I'.jrlink Iiiii'*lt)nf iti ihc sounicisl <»f Ei)Kl*ind": Ann. of 

. •. : \ II ;• .V-3. I"-' I. 
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system is found along the Atlantic and Gulf borders in beds 
of clay, sands, green sands, and chalky limestone containing 
typical Cretaceous fossils. 

Tertiary System — The Tertiary System was first defined 
and the name specifically applied by Cuvier and Brongniart to 
rocks of the Paris Basin.* The system so named included 
the fossiliferous rocks lying superior to the Cretaceous system, 
the upper member of the Secondary. As now understood, it 
includes the three divisions, defined by their fossils, and 
named by Lyell, Eocene, Miocen'\ and Pliocene, typically 
exhibited in France and England in several places. The three 
divisions of the typical Tertiary of eastern North America are 
the Alabama, Yorktown, and Sumpter formations. For the 
West the series consists of Laramie, Wahsatch, Green River, 
Bridger, Uinta, White River, and Niobrara beds, some of 
which are fresh- water deposits, f 

ftuatcrnary Byrtem. — Quaternary System was applied by 
Morlot, in 1854, to the rocks or geological material lying 
above the typical Tertiary deposits. :j: But the term ** Quar- 
ternaire " was used by R^boul as early as i833.§ The system 
is divided into the Pleistocene and Recent, and is distinguished 
by the presence of traces of man. In North America the 
deposits so named are classified as Glacial, or drift, from the 
evidence of glacial agency in their arrangement, Champlain, or 
Diluvial and Alluvial, or materials distributed by waters of 
melting glaciers and by river action, and the River Terrace, or 
Recent Period. 

Fotiili the Means by which the Age of a System is Determined. 
-^These systems, although actually arbitrary groupings of the 
stratified rocks of particular regions, have come into common 
use as the primary divisions of the rocks whenever chrono- 
Hncal sequence is considered. In describing any newly dis- 
covered fossiliferous strata in any part of the earth, the first 
step to be taken, in giving them a scientific definition, is to 



*" Descriptions g6ologiques des environs de Paris," 2d ed., 1822, p. 9. 
tSee for details and nomenclature of the subdivisions of the systems, in 
'kistnd other cases, Dana's " Manual of Geology," 4th ed., 1895. 
tBull. See. Vaudoise de Sci. Nat., iv. p. 41. 
t"UGteIogie de la P^riode Quarternaire," 1833. 
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assign them to one or other of these systems upon 
of the fossils found in them. The character of I 
themselves, their composition, or their mineral conte 
nothing to do with settling the question as to the p 
system to which the new rocks belong. The fossils a. 
the means of correlation. It thus happens that each . 
ical system, which is a local aggregation of strata, of pai 
composition, structure, and thickness, becomes a stand 
chronological period and duration by virtue of the \ 
which it contains. The fossils are characteristic of 
particular period in the history of organisms, and the s 
containing them were deposited during that period. 



CHAPTER III. 

fHE DIVISIONS OF THE GEOLOGICAL TIME-SCALE AND 

THEIR TIME-VALUES. 

The SytteniB and Oeological Bevolutions. — The systems, 
although they are arbitrarily limited and classified, rep^ 
resent certain grand events in the history of the earth. 
\Vithout explaining how the series of stratified rocks came 
to be divided into these particular ten systems, it may be said 
that their retention as the great units of geological classifica- 
tion and nomenclature is mainly due to the relatively sharp 
boundaries which each system exhibits in its typical locality. 
The systems thus serve as known and definite standards of com- 
parison in the construction of the time-scale, as the dominance 
of nations, or the dominance of dynasties, in each case serves 
as a time-standard for the discussion of ancient human history. 
As the period of each dynasty in ancient history is marked by 
continuity in the successive steps of progress of the country, 
of the acts of the people and of the forms of government, 
and the change of dynasties is marked by a breaking of that 
continuity, by revolutions and readjustment of affairs, so in 
geological history the grand systems represent periods of con- 
tinuity of deposition for the regions in which they were 
formed, separated from one another by grand rcrolutions 
*hich interrupted the regularity of deposition, and disturbed, 
by folding, faulting, and sometimes by metamorphosing them, 
the older strata upon which the succeeding strata rest uncon- 
formably and constitute the beginnings of a new system. 

Otolog^eal SeTolutions Local, Not IJniyersal. — Geological rev- 
olutions were not universal for the whole earth ; from which 
it results that these typical systems and their classification 
•fcnot equally applicable to the geological formatious o{ 
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lands. It is important also to note that the geological revo- 
lution was not a sudden catastrophe, but the culmination of 
slowly progressing disturbances bringing the surface of the 
rcLHon concerned ultimately above the level of the ocean, the 
ocean-level being a pivotal point in geological rock fonnati<ni. 
The area whose surface is below the sea-level may be accu» 
Ululating deposits and making rocks, but so soon as the region 
is lifted above the surface it becomes a region of erosion, 
destruction, and degradation. Whenever, therefore, in the 
oscillations (^f level, any particular part of a continental mass 
of the earth's crust passes permanently or for a long geologi- 
cal j)eri<)d of time above the sea-level, a great event in geo- 
logical historv has culminated. In case the elevation is onlv 
ti:nij)')niry the event is marked by unconformity, or a break 
in llu; continuity of the formations; when it is permanent, 
the Luol()L;ical record for that region ceases, except .so far as 
fresh-Welter deposits in lakes may continue independent rec- 
o^(i«^. Hence it is that these j)erioils of revolution are of such 
importance in the history of the continents, .ind constitute 
the ino>t satisfactory marks for the primary classification of 
;^M'< »i< 'Laical history. 

Revolution Expressed by Unconformity and Disturbance oi 
Strata. The natural Lreolo-rical s\'stem is theoretically a con- 
tinii'-ii'- series t»f conf<»rmal)le >tr.ita. \ geological revolution 
i- txpre^sed 1)\' utuoiif(»rniitv and mv>re or less disturbance 
and lii-placeuient of the strata fn)m their original position. 
'\\\K- ;_rander re\'()hili<»ns are also recorded in the permanent 
r;(\,i:;<'n <»f mountain m.i»f> i»r extensive continental areas 
.il»'.\r liu- ]i\(l of the sta. and thus out of the reach of later 
-t: , = !.: u\ unuilat i«>n. 

ADDulachian Revolution. - Ihr nio^t widi Iv reeoimized revo- 

4 1 a »^ 

.:*:'•■ :!': L;5"i« 'L.;ii ai I inn-, .-ino- the v!"'-e of the Archa-an. sep- 
.iT-i:- tin- t ".iiln»:iil(r«i'.i > ti«»i!i ili'.- I ria^^ie ^v'^teni. In Anier- 
■v.;' . . •■ -;:;i ;it !' 'ii. I";i« 'U in-' 1 )au.i's ii^a-'e. it ma\' he calljj 
*!:= \: ';Mia<. hiaii ri \ . .i.it jon. It terminated the serirs of f r- 
!:!;*i ■:• - whivl:. \\\\\\ "iily niiti"r iMlrrru])li*>ns, had been 
e'-:.::'. ;"■a>^;>• a^ v Mnmlatiu.; \\\ the .\i»j)alachi.m h.isin from the 
eail\ i'amhria:! peri-Ml i.nwanl. It left .d)o\e the sea-level 
n<'L «'::i\all the A j)pai.iehian reunion, but the j^reat part of the 
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1 hali of the continent, extending westward beyond t 
j Uaippi River to a line running irregularly from Texas t 
■^iKsXcrn Minnesota. This revolution produced the AUi 
-wy Mountains and those flexings and faultings which j 
'\ recognized in the fine of lesser ridges extending frod 
jinsylvania to Georgia. In England, northern EuropI 
lJ northern Asia like disturbances took place at the saill 
iv-ral period of time. In Australia, southern Africa, ; 
- ith America the indications are that the revolution was not 
extensive, if it took place at all at the same time. The 
r<'babilitie--t are that while it was almost universal for the 
' Mhcm hemisphere, it was mainly confined to this half of the 
iiih. The -Appalachian revolution was not limited to a brief 
j-iil^ical period, but, beginning near the close of the coal 
rt.t.asures of the east, it did not become effective in the region 
"f Kanssis and Nebraska till the close of the Pennian. The 
side extent of the disturbance of strata and, consequently, 
llfcconLtat this point in the time-ac-ile has led to making here 
Aprimaf>' dividing-point oF the scale, marking off Paleozoic 
B the following Mesozoic time. Several lesser, more or 
kkwkl, revolutions have left their permanent marks in the 
nder structure of the rocks or in conspicuous geographical 

»of the restricted region of the continental area. ■ 

Although revolutions of the same kind, and perhaps pF^B 
•lucing greater effects upon the Anal condition of the cru9l| 
in»y have occurred previous to the deposition of the CambriitM 
•vitein. as time-marks only those revolutions which occurwjj 
■iiicT fossils appeared in the rocks, and in stratified rocks, aifl 
Mte Ddticcd; and their names and the particular events r^H 
Hided are those affecting the history uf the North Amcricnifl 
BflHtieot. ^^ 

B TlM&ie B«volntion. — The first of these was the Taconic 
Byolution, which separated the (Lower Silurian) Ordovician 
Bbm the <L'pper Silurian) Silurian, in the eastern part of 
Huth America. The elevation, di.<turbance. and metamor- 
HBBn of the rocks of ihe Taconic mountain range along 
H^BMlNcw England, ami extending; from Quebec on the 
^^^^^■MVjency. stand forth as monuments of this event. 
^^^^^^^^I^Ht^-xt ending from the western part of 
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Ontario, Canada, into Tennessee, marks a contemporanc 
disturbance. Evidence of the same revolution is seen in 
conformabilitv between Ordovician and Silurian rocks inS 
Scotia and New Brunswick. The revolution is not sha 
distinguishable in the rocks of the more southern or wcj 
regions. 

Acadian Eevolation. — The second of these lesser revolu 
is expressed most sharply in elevation and unconformit} 
niinating the Devonian formations of Maine, New Brunsi 
and Nova Scotia, and may therefore be called the Ac; 
revolution. In the continental interior it may be indi< 
by the remarkable thinning out of the Devonian rocks tc 
the south west ward. In Tennessee, Alabama, and Ark 
they are represented by a thin sheet of black shale, a fev 
thick, or by but little more than a line of separation bet 
the rocks of the Silurian below and the Carboniferous 
resting scarcely unconformably upon them. This seer 
indicate an elevation of the region still further south, tc 
the close of the Devonian, sufficient to produce extc 
crosicjn, uncovering the lower Silurian rocks, which 
again depressed to receive the marine deposits of the 
Carboniferous period upon their eroded surfaces. 

Appalachian Revolution. — The Appalachian revol 
closed the I^ileozoic time and left the great part of the 
ern half of the continent above sea-level. It form 
natural interval between the Carboniferous and the ove; 
svstem, whatever that mav be. Its characteristics 
already been described (p. 40). 

Palisade Bevolntion. — A revolution which affectec 
rocks along the eastern border of the cr)ntinent duri 
closing the period in which the Triassic sandstones 
being (lepositirtl may be called the Palisade revolution. 
r\j)ressed by the trap ridges in the Connecticut valle^ 
r.ilis;ules and other similar tracts distributed inside the 
lioiii Nova Scotia to North Carolina, and by the upl 
.iiul in some cases faulting of the underlying red sane 
.111(1 shale, and the resulting unconformity with the succe 
ii»rniations. The evidences of the revolution are not v 
exienileil. nor is the time-relation of the termination c 
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icvolution sharply defined, but it is sufficiently so to form a 

r.aiura! boundary-line separating the Triassic- Jurassic from the 

' luccous. After this point of time there occurred nothing 

ilic eastern half of the continent which deserves the name 

rank of a geological revolution, except the glacial revolu- 

■ n which is defined further on. The western part o( the 

;:iincnt is conspicuous for the late occurrence of its geological 

■ iiJtruction. which was chiefly after the Triassic; along the 

tern coast the Sierra Nevada revolution marked the same 

ri'-ral interval of time recorded by the Palisade revolution 

f the East. These events on the opposite borders of the 

tuntinent are alike at least in preceding the Cretaceous and in 

terminating the formations which are of Jura-Triassic age. 

Bocky Monntain Eevolution.— The Rocky Mountain revolu- 
tion, which resulted in the elevation and disturbance of all the 
rocks in the region of the Rocky Mountains, and extended 
ffom them to the border ranges, is distributed along the time 
(mm the close of the Cretaceous to the Miocene, or possibly 
later. It is altogether probable that the actual length of 
litnc taken in elevating, tilting, and disturbing the strata, 
after the last marine deposits of the pre-Laramie formations, 
which resulted in the permanent adding to the continent of 
its western third, \v;is not longer than that consumed in the 
Various events terminating the Paleozoic and making into 
pemianent land the great mass of the eastern half of the 
continent." 

This Rocky Mountain revolution resembles the Appa- 

bchian revolution in extending over and affecting a large 

:'i.i of the continent, in its general upward-lifting of that 

J. which process extended over a long period of time, and 

I" the great accumulation of coal or lignite which was asso- 

ith the gradual emergence of the continental mass 

frcthe sca-lcvel. Another feature in which the two revo- 

rcscmblc each other is the wide extent of the disturb- 

tfcordcd. The elevation of the mountain ranges, from 

jPyrcnccs eastward to the Himalayas and to the islands 

l5cc (unfaer (etardliig tliis revolution Dana, "Manual ot Geology," 4ih 
Vlof. p. 87^ eic,. paragraph on " Post'Meioiolc Rcvoluilan: Mounialn- 
d it* (en>lu.~ alio pp. 933-939. 
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beyond, took place chronologically at the same gcncnl 
period, and that this scries of disturbances may have affected 
the whole of the northern hemisphere is further suggested b\- 
the occurrence of gigantic erratic blocks of granite in the 
midst of Kocene strata in the neighborhood of Vienna and 
oiher places: N'ezien * has suggested that an ice age is indi- 
c;iUil l)\' them. 

The Division-line between the CretaceooB and the Tertiary.— 
This Rocky Mountain revolution marks the period of the 
si c«»nd L^reat break in the life of the geological ages. The 
Mc ^.)/..)ic time began with the close of the Appalachian rev- 
c'.uti'Hi, and closed with the elevation of the marine Crela- 
ir..ii. bids abovt: oce^in-level. In our classification the 
(li\ i^i'»ii-line between the Cretaceous and the Tertian* wa> 
.irbitr.irily placed at the top of the chalk formations conspicu- 
«•:; !\ «K\clnprd on bi)th sides of the British Channel. The 
(i:iii. \\\\\\ wliieh American geologists have found in drawing 
til-- I'liiiM' hnc to ^rparate the Mesozoic from the Cenozoic. 
ill- 1- -".ilted fiMiii tlu: change in the character of life of the 
b -'i- i!i the western interior from marine to brackish, frcsh- 
v.i'.i, .nul land ty|)e^. This change was incident to the 
l\- ■ ' \ M"mu.iiii riA<»(ution. whicli had already begun and 
w'- '.'*\\\v hllin:; th( \\lii»le reiMon while the fresh-water 
• '•■■.■ \\[^ \\ri»- bu'ii.- iaiil d'»un. Several sta«res mav be 
','.'. .■!.■ 1 i:i liii- ;.;ra:wl r«\ ■ 'luli-'U. but the facts connected with 
til :• ;:i u--r -. t\\i 11 di \<.li'i)e(l a-^ to ^rrve for general purposes^ 
■■! I ^Muali^n «'f the lime-^-eale. The .imount of elevati*''!^ 
;■' ■■: . '1 b\ ihe I e]»'iii.-^inie iii(»\< nn-nts after the ilep<^>it 
■: •": ■ 1 !'-:i. ( "?■« lai ' - '11-. in th..- w extern lialf of (.mr continent, 
i •■.■!..': ti li.i\ . b« . :i ii.'l li -- than X2,< 'uo or ;;,CKX) feet.'*' 

('.•liiiiibia River Lava Outflow.- \t tlie il.»>*e »)t the Mii)Cene 

, ' . '..; :'i. '.'. - ■; i.i\a i:i tin- n- iit h\\ e^t<i :i !»arl of the United 

>: ■■ ;....:. i-l.ui, a:iil i-'MtiiiiU'l with interruption^ through 

; i :..tx-.:.; - tii- ( _>.Mt. rn.iry tinh-. Abnut the Cohimbia 

i. ■ . lie;. ;: ii.t- tilli»u ;ll t!p ("a-iadf ra!i;.;e. the b.isall is 

■.. •/;:■..- i:;i; he! tliiil.. .ill-! t h«- t lUt !!• »\\ -^ e« »\er a vast 

! :':!i!<'!\. I -tiniated at ij;«).<mh) mju. ire miles. This 

■ i\r.. S- ;.. v..i. XJ. p. 171, I.S77. 

\ «;. M. l).iw- iM, .\in. Jour. Sci . vol. xi.ix. p. 4^13. 
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nt to the vast earth disturbance which raised, to the 
{ at least five thousand feet, a large part of the west- 
YbX the continent. The long line of volcanoes along 
cstcm coast of the two Americas had their origin in the 
general period of time. 

\ BeTolotloiL — There was, still later, a revolution 
i left little record in the way of disturbance or dis- 
of strata, but was of particular importance in life- 
as it introduced the recent period or the age of man. 
luted the combination of events marking the glacial 
1 general, it consisted geologically of oscillations of 
hem lands, for the northern hemisphere, and was 
1 with the accumulation of ice upon the surface and 
luancc as a great ice-sheet for a long period of time. 
Qn of Biver C&nons as OaagcB of Time Snration. — Some 
: definite estimates of the length of geological 
based upon the rate of erosion or gorge-cutling of 
nd the period so measured dates back to the last 
g of the river channels, coincident with the northward 
i of the ice-sheet. Standard examples of such esti- 
: the length of geological time are those made re- 
Jie cutting of the Niagara Rivtr gorge, the retreat of 
pf St. Anthony from Fort Snelling to their present 
ami the cutting of the caflons of the Yellowstone 
J. But the unsatisfactorj' nature of these 
; is shown by the fact that different authors reach 
irgent results from the same data. The time taken 
Itting of Ni.ag.va gorge is estimated by Upham to 
to lO.OOO years, by Spencer (1894) to be at least 
ars. 

iBtal Tftlnfl of R«volntiona as Time>Brealu ia th« Hiitorj 
urieik-^The above revolutions are selected, not as 
revolotions interrupting the regular course of sedi- 
ition of stratified rocks, but us chief examples of 
rupdons in the North American column of deposits. 
;;Uie COUTW; of geological time there are evidence to 
; there were constant oscillations of the relations be- 
U and ocean-level, and at some localities these oscilla- 
ijtaiAa^ acros.s the datum-plane of the ocean surface, j 
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Wherever this happened, on one side rocks were forming, and 
on the other erosion and degradation were obliterating them 
as time-records. The Appalachian and the Rocky Mountain 
revolutions constitute the two grander revolutions. The first 
closed the Paleozoic life period, the fossils being chiefly 
marine until the Devonian, and being associated with marine 
forms up to the close of the Carboniferous. The deposits are 
distributed across the continent, with local interruptions. 
After the Appalachian revolution the eastern half of the con- 
tinent, except its Atlantic and Gulf borders, became perma- 
nently above the sea-level. The period between the Appa- 
lachian and Rocky Mountain revolutions is the period of the 
McsozDic life. In the faunas and floras of this period, land 
and fresh-water species take a prominent part. The marine 
life is distributed over the western half of the continent and 
aloni; a narrow line of formations on the Atlantic and Gulf 
borders. After the be^^inning of the Rocky Mountain revo- 
lution, the deposits of marine origin and their faunas were 
(listril)uted on the marine borders of the continent as it now 
is, and fresh-water and land deposits were accumulated over 
the })lains and plateaus of the western half (with few excep- 
tions) of the continent. 

Time-scale and the Geological Revolutions of the American Con- 
tinent. — Thus the <^M'ander revolutions recorded in the devel- 
opment of the American continent break up the geoloj^'ical 
time-scale, as expressed in the systems of stratified rocks, into 
a few natural sub-divisions, as may be illustrated by the dia- 
t;r.im on the opposite pa^e : 

Revolutions made Interruptions in the Record. — In the use of 
till- time-scale for the study of the history of organisms, the 
|i!.ur- marketl by the revolutions are th(3se in which are found 
!lu- LTcUuler inlerrui)tions to the continuit\- of the record. 
1 lu y ma\' represent })eriods of ^reat relative ma^nitutle. 
'\\v y ilo represent pciiods (►f marked chanL;e in the faunas 
aiui iloras o\L-r rxlensi\'e ri-L;ions. lU'tween the grander in- 
lii\.i!s of revolution the records of life-history are relatively 
c«'iitinuous. There were series of successive faunas or even 
su I)- faunas in which were expressed the general features of 
the evolution of life on the globe. The -^P^cies preserved 
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and known present but a very imperfect representation of the 
species that were living ; but of those preserved in one forma- 
tion there are generally found in the succeeding formations 
representatives of the same or closely allied genera ; so that, 
for the kinds of organisms whose remains are best preserved, 
the record is fairly continuous for the grander rock-systems 
in terms of the generic, and in some cases of the specific 
characters. 



Cenozoic 



Hesosoic 



Paleoxoici 



QUATimuwY^ Glacial ravolation 



PLIOCKNK 



§ moccwc ~*^ Rocky MouDtpain 
BevolaUons 



CRITACIOUt 



JUHABST 



Palisade reTOlation 



TRIAMIC 



D 



Appalachian •« 



CARIONircilOUSl 



OCVONIAN^ 



Acadian 



Taconic 



CAMBRUN 



ALOONKIAN 



? Pre-Cambtfan «« 



f Archiean 



AIICH>CAI| 



Fkk s.— DiajH^un reprnenttng the order of succession from below upward of the formation of the 
geological svstems in North America and the approximate time at which the grander revolu- 
tions erodeo and disturbed the already made deposits. 

Time-ratioSy or the Belative Time-value of the Several Sys- 
temi. — While the conditions of deposition for a particular 
region remained relatively constant and uniform, the strata 
were accumulated in successive beds one upon another; and 
thus the thickness of the deposits of the same kind, with pro- 
portionate thickness for deposits of different kinds, constitutes 
a scale of definite time-value; a foot of deposit representing 
a period of time, and the relative time-separation of two 
faunas is represented by the thickness of the strata between 
them. It was on this principle that the time-ratios of Dana 
were estimated. The maximum thickness of the known 
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strata of each geological system was taken as a means of A 
ducing the relative duration of their formation, as was fin 
done by S. Houghton. The limestones were assumed t 
represent five times the time-value that is represented by tk 
other sedimentary deposits per foot; or, in other words, ever 
foot of limestone was estimated as equivalent to five feet ( 
other sedimentary deposits in making up the time-ratioi 
Dana* estimated the time-ratio for the several geologic 
periods to be as follows : 

Quaternary 1 ) ^ 

^ ,. -^ W Cenozoic i. 

Tertiary f j 

Cretaceous I \ 

Jurassic i^^ V Mesozoic i\. 

Triassic I j 

Carboniferous 2 ^ 

Devonian 2 I 

Silurian (Upper) \\ y Paleozoic I2|. 

Ordovician (Lower Silurian)... 6 

Potbdam . . I 

Ward's Estimate. — Lester Ward, in the fifth annual repo 
of the United States Geological Survey, has proposed to a 
just these proportions as follows: 

i Quaternary-Recent I 

3* ^ Miocene-Pliocene I 

( Eocene I 

Cretaceous I 

Jura-Trias I 

f Permo-Carboniferous I 

! Devonian I 

^ I .Silurian I 

1^ Cambrian I 

thus forniinj^r nine cli\'isions of ecjual len^^th. 



• Dcin.i's •' Marui.il of (k-oln^^y." 3«i edition. 1874. I" ^hc latest edition, I 
tl.'^c csiiniairs are revi«se(l aticl the following; remark is made : "There is g 
li.'iili «>v< r ront Iiisiotj^i based on this criterion [i.e., maximum thickness], bcc 
thi. knc'ss is ile[>«-ndjfU so K^'ocrally on a proj^rcssing subsidence — no subsid* 
^'ivin^' little thi< kncss, however many the millions of years that may pass. 
as it is the only available method, it is still used," p. 716; also sec beyom 

p. 4'>- 
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Coneetiona and Elementa of Uncertainty in these Estimate!.! 
—Since Dana's estimate was published additions have been I 
nadc to the known thickness of the Cambrian rocks of North! 
America, which may lengthen the Cambrian ratio to 5 in the! 
above tabic, and duplications of thickness due to confusion I 
in regard to the Quebec group may nrduce the Ordovician I 
(Lower Silurian) to 5, and thi: Cretaceous ratio may be some-! 
what enlarged. The Tertiary estimate in Dana's ratioa-a 
assumes the thickness to be of less (i) time-value because of I 
the increased rate of deposition due to transportation of 1 
rivers. This and many other factors enter in to complicate I 
Ihc time-value o( thickness of strata; and it must be grantedfl 
that the thickness of the sediments is the prime factor in I 
lietcrmining these time-values of the geological scale. I 

In the last edition, 1895, of the " Manual," Dana ex- 
presses the following opinion : ' ' The evidence at present ob- 
tained appears to favor the conclusion that the relative duration 
olthc Cambrian and Silurian, the Devonian and the Carbon- J 
iftrous craft, corresponds to the ratio 4J : 1 : 1 , or perhaps 4 : I 
' '■ I. the ratio hitherto adopted ; and for the Paleozoic, I 
Mcioioic, and Cenozoic, 12 : 3 : 1."* However, the condi- J 
tions of deposition, the fineness or coarseness of the clastic I 
figments, the abundance or rarity of supply of materials, and I 
other variable conditions must be taken into consideration in I 
inaccurate reduction of thickness of strata into length of time. | 
Errors, also, whose value is almost impossible of estimation, I 
»riw: from the intervals between strata, particularly those I 
*'bcrc unconformity exists. However, after all these uncer- I 
'linlics arc weighed the time-ratios formed on this general 1 
tjsis arc of great importance in studying the history of organ- 1 
wtns. and the value of accuracy in the time-scale is a sufficient I 
fci'um for calling attention to the points in which greater I 
*«uracy may be attained by further investigation. I 

Sltts»t«fl of Actual Length of Time Highly Hypothetical. — . 1 
It is doubtful if it is possible with our present knowledge to I 
nachan estimate, in years or centuries, of the actual length I 
MLtjtological time which is within lOO or perhaps 200 per j 
^B^ef the truth. We may accept Dana's estimate of at J 
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least 48,000,000 of years, or Geikie's of from 100,000,000 to 
680,000,000. We find at one extreme the ancient theor}-o( 
6000 years, and at the other McGee's possible maximum of 
7,000,000,000 years. The rate of accumulation of sediment 
over the bottom of the sea may vary between the limits of 
one foot in 730 years and one foot in 6800 years, as pointed 
out by Geikie, the figures being based upon the estimated 
proportion between the annual discharge of sediment in cubic 
feet and the area of river basins in square miles, in the case 
of the rivers Po and Danube. The estimate of 680,000,000 
of years, quoted above, is dependent upon the assumption 
that the total thickness (maximum) for the sedimentar}' de- 
posits is not less than ioo,ooo feet, and that the average rate 
of accumulation was not more rapid than that now going on 
at the mouth of the Danube, based upon Bischof s determina- 
tion of the amount of sediment and matter in solution in the 
Danube at Vienna. It may be a query worth considering 
wlu'tlur the estimates based upon the examination of the 
amount of suspended and dissolved matter in river water are 
n«u likelv to err in the direction of too small amount of mat- 
tor l)y itMson of the abnormal precipit«ition along the course 
of tlu- river incident to the presence of salts and acids put into 
tlie river by man. If the rate of the river Po were taken, the 
knj^th of time would be 73,000,000 of years instead of 
6v*<(.),«)0(\c)00. 

The actual lenj^th of time in years, however, is of less 
inipDrt.mce to the i^eoloj^ist than the relative length of time 
for e.n. li of the er.is, and these latter, the time-ratios of Dana. 
ar«- ti« ihKil)lc from the i>]iysical thickness, ami size of constit- 
uint ]).irticle>. of sedimentary rocks. Relative thickness is 
C' tt.iiiilv one of the eleuKnls in the determination of the time- 
\m!ih-. ..f the 'jeol'x'ic.il furmation>. and the fields for investi- 
'Ml!";:. .iloH'.: whieh • 're. iter aceurac\' is to ho reached, inchule 
th' }'i'!)leni- ««f tlu; rate of accumulati«»n of muds, sands, antl 
1)1 M'l' l)cdN. and of the f('rmati«>n of limrstones, in relation 
t" I .n !i niher and undrr varyinj^ condition^, and the detection 
of t/.. m.iric'^ in the strata recordinj^ the conditions incident 
to til ■ \.ir\in'j; r.ites f»f .iccumulation. In makintr estimates 
of tinii . as r^ i)resented by thickness of deposits, there should 
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-'> be considered the ejects of elevation or depression of 
-11^ interior of land masses upon the amount of detritus 
carried down to the sea borders, there to be made into sedi- 
ments. With all the errors of estimation there is, however, 
.. rt-.il value to the time-ratios of Dana, and to legitimate cor- 
-. . iiuns deduced from study of the same facts, which cannot 
fjcnied; the principle of time-ratios may be used as a 
1 iirfcing hypothesis" until something better is devised. 
Sjitcms the Standard Units of Qeological Chronology. — In 
. pfi^paration of a universal time-scale for the history of 
.ani^^m?, systems are the actual facts in nature which are 
;upt(jd cvcrv'where as standard units of chronology. 
Geological Eras and Times and their Names. — Whatever may 
"i:.ive been the actual length of time occupied in the making of 
I iny one of them, or however much the estimates of the rela- 
I tive value of each may differ, it is certain that each system in 
I iti particular region represents that particular part of the 
I geological lime-scale during which the fauna and flora whose 
I remains it contains lived. 

I This portion of time may be called the life era of the 

I organisms which make up the fossil fauna and flora of each 
L ij-itein. 

^■^ The names of these systems may then be applied directly 
^^W the eras, and we thus have in the time-scale ten eras, 
^^Hi.i the Csfftbrian era, the Ordovician era, the Silurian era, 
^^Bk /VtvRM/i era, the Carboniferous era, the Triassie era, the 
^^niiffUffir rra, the Cretaceous era, the Tertiary era and the 
^^^^tatraary fra, including the present time. In a time-scale 
^BlKknnw of the eras before the Cambrian only && precambrian, 
^BLe., iboM that were earlier than the Cambrian, 
^^k The first five of these eras are classed together as Paleozoic 
^Bfni'. the next three eras are called Mesosoic time, and the 
^^Dcriiary and Quaternary constitute Cenosoic lime. 
^H DlTinon of the Eras into Periods, — Fossils have been col- 
^Bwcted and i^tudicd with different degrees of precision for the 
^■*veralera4 and indifferent parts of the world, but, taking 
^Hptprcscnt stage of knowledge of fossil organisms, the paleon- 
^^VtilfUt is able to distinguish about twenty different successive 
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fauna-floras, or sets of organic species, which can be recog- 
nized wherever on the face of the globe they are found. 

The time-duration of. each of these fauna-floras mav be 
called a period^ and the successive periods thus distinguished 
constitute the divisions of the eras which at present are recog- 
nizable in each of the continents with greater or less fulness. 

Locally greater precision in classification has been attained, 
but differences arising from adjustment of the organisms to 
conditions of environment, and in living species expressed in 
gcoj^^raphical distribution, make it doubtful if wc are able to 
correlate fossil faunas or floras, the world around, with greater 
precision than to recognize the marks of the same period in 
each district. 

Period a Recognized Division of an Era. — For the present, 
also, it ^eems more likely to conduce to real progress of knowl- 
edi^e lo consider the periods to be divisions of the standard 
era, ratli«T than absolute units of time-duration, dependent 
on thc.ir (.)\vn criteria alone for definition. 

In naniiiiL; them, therefore, the subdivision of the era into 
early, middle, and later divisions is preferable to the adoption 
of separate distinctive names, and each continent or geologi- 
cal ]>r<)\ince will then be free to adoi)t its own interpretation of 
the local limits and marks of the i)eriod in its series of strata. 

Standard Periods and their Names. — There arc already de- 
fined such divisions in the several eras, as follows: in the Cam- 
brian era, an early or lioaDnbrian period, a middle or Mcso* 
('iiDii'ii'Dipifiod, and a later or Xtociimhrian period, Walcott 
has i.illed the faunas (A these periods the OirncI/uSj the Para^ 
(ii>\!,i, \. and the JK'i\I/<>i'ip/iidiis faunas. 

\\\ till- same way the ( )rilo\ician era is made up of the 
/ .//../. /.^v/, or ])rri«Ml of the ('alcifer(.)us formation of 
All ::«.i:i ;.;»•< »i'>;-4\'. and a Xt\>oriii>:ii i(tn ])eriotl. t)r the period 
.'! :•:• I rniiou i;r'»ni> ol NOrlli America. 

I :i<- Silurian era i^ c< •ni|)< •>t.-(l of the /iosilm'iiin period 
< ):!■ I'll, Mtdina. ('lint'Ui. Niaj^ar.i), and a Xiosilnriivi period 
'.^lii-M .ind LMUcr 1 lelderl.)er^). 

hi the l)e\i»nian er.i are the Iiodci\nntVi j)eriod (Oriskany, 
('««riiit* rou-^i, Mtsodti'oiiiau period < 1 hunilton) and Xcodcvo^ 
jii.jn '('hemimjj ). In the Carboniferous era are the liocarlwn* 
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'i'fS pt-riod (Mississippian or Subcarboni/erous), Meso- 
• '!i>niferoiis period (coal measures), and Eocarboniferous 
-rmian). 

In the TriassU and Jurassic eras no divisions have \ 
■luf-d which can be recognized in other continents th^ 
iltc described; hence the periods are equivalent to the e 
ij period for each. 

The division of the Cretaceous into Eocrctaceous \ 
. •rrftaceoHs periods is fairly well recognized in several con- 



In the Tertiary era Eocene is the first period, and the 
,-,r«<- period includes the Miocene and the Pliocei 
ii-J finally the Recent period may be regarded as geologic; 
i- time of the living of the fauna associated with man. 

Dee of the Term Epoch in the Time-Scale. — The term Epoch 
iL.iy be appropriately applied as an expression lor the lime- 
d'-ralion of each local fonnation : thus we may speak of the 
epoch of the Iberg limestone of the Hartz; of the Psammitcs 
of Condroz in France; of the Marwood beds of England; of 
the Domiuik slates of Russia; of the Chemung of eastern 
North America ; of the Lime Creek beds of Iowa. These 
arc each of them well-defined formations in separate regions, 
■^it!& having a distinct geological structure, thlcknc:^, andia 
'-itivc stratigraphic position, and the period of each is nn^H 
^■^miatt; but the faunas, although distinctive and constitu^S 
.; the means of determining the geological age, are not alike ; 
-ii] in time-values it is not possible to say that one is or is 
• "^ the exact equivalent of the other. An epoch, upon this 
nuis. would be a definite division of a period, distinguishable 
Bllic tiistofy of the oi^anisms of a restricted region, but not 
Huniversal application. 

^■n'itb the present means of correlation tt is impossible to! 
^^Bn a greater degree of precision, jn comparing the fosdH 
^^Kk-Aoras of widely separate regions, than to distinguish^ 
^Bficriodsbv their characi eristic species. 
^LA OooipAratiTe Tine-scale for the Study of the History of Or^s- 
^K — ^Thc labuluiiiin of these fact-s and nomenclatures pro- 
^KCfr a standard geological time-scale for use in discussing 
■MUdsry n( organi^mii. 
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AGEOLOGICAL TIME-SCALE. PREPARED FOR THE COMPARATIVE 
STUDY OF THE LIFE-HISTORY OF ORGANISMS. 



, I Pliocene t 
■■1 Miod.o.t-- 



nipti.in |>r<.b;il; 



..iKlli of 1 



imc which can be uni- 
c units uf equal length. 



Importance of a Standard Time-scale. — IVr tlic comparative 

11. ly ■■{ the history nf or^.Miiisins this tiinc-scalo maybe used 
v-jii-itivc of estimates of actual len^^lh of time represented 
-.ad, period. 
The division of the eras into twenty successive periods is 
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a scheme which is actually recognized in the classification of 

the geological formations throughout the world, where the 

■:r!iL-ria of classification are the fossils contained in them. 

ulogists dealing with distinct series of strata have named 

I individual members of the series differently for different 

^icins of the earth. Therefore, as the systems arc made up 

■ formations presenting local features, of stratification, of 
-Uographic composition, of structure, and of thickness, which 
' ^'iven local names, the fossil fauna-floras representing each 
\ of the periods arc found in formations which have different 

:;niL-s in separate regions. 

In using such a scale it becomes necessary to correlate 
the faunas of formations having different names. While the 
''irmation names may well be retained, in the discussion of 
> iime>rclations of organisms it is essential to use a uniform 
j!ir of time-divisions expressed in a single series of names: 
Uitt scale and names above given supply us with such a 
Jtanilard time-scale. 

Actual LengttL of Oeological Time, — That geological time is 
immensely long, as compared with any human standards, all 
modem geologists admit; but as to how much time, in cen- 
turies or years, has elapsed since the beginning of the series 
"( scdtmetitary rocks, opinions greatly differ. A few facts 
nty be mentioned to illustrate what is meant by great length 
oltimc in terms of geological work accomplished: 

(l) Since the close of the Cretaceous Period the greater part 
of the mountain elevation along the southern part of Europe 
ind extending to the extreme southeastern part of Asia was 

■ "mplishcd; and the Himalayas were raised, so that at least 
<» feet thickness of their mass is composed of marine 

-lUof Tcrtiaf)' or earlier era. 
iJ) The large part of the Rocky Mountain region was 
Icr marine water in the Cretaceous time. Since the 
of the Eocene, or beginning of the Middle Tertiary, 
itain Dutton estimates, the region of the Colorado 
has been elevated approximately 10,000 or 1 1.000 
and 10.000 feet of erosion has taken place. G. M. Daw- 
" »limatcs the total amount of elevation which has taken 
iiiicc Creta ceous time, in British Columbia, to have beea 
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32,000 to 35»ooo feet. There are now cafions from 5000 to 
6000 feet deep, excavated entirely since the Eocene period. 

(3) It is believed that all the lava outflows in the North- 
west, which cover 150,000 square miles along the Columbia 
River and the nei<^hboring states, and through which the 
Cohimbia has cut a channel, in some cases, from 3000 to 
4000 feet deep, were erupted and laid down since Miocene 
Tertiary time. 

(4) Niagara River gorge, from the falls down to the whirl- 
pool, and thence to the cliffs of the lake at Lewiston, it is 
estimated, was cut out since the retreat of the glacial ice from 
the surface of the northern part of the continent, and this is 
believed by many [geologists to represent closely the length of 
time since man first a[)peared upon the earth. The gorge is 
7 miles long, one fourth of a mile wide below, narrower 
alx.ve the whirlpool, ami varies from 200 to 500 feet in depth.* 
Tlu; length of time required for its excavation is estimated to 
Imm: been from io,ooo to 32.000 years. Taking Dana's gen- 
eral estimate of relative length of time, it is seen that the 
time since' the Cretaceous is not over one sixteenth of the time 
from the beginning of the Cambrian, and that the length of 
(hiaternarv time is not over one third that of the Tertian*. 
\\'liate\'er be the actual leuLTth of time taken for these and 
similar geolo^^ieal })rocesse^, it is e\'i(lent that the same forces 
working at llu: sanu' rate would retjuire but the extension 01 
ti.ne to include the whole history of the earth. 

Data upon which Time -estimates are Made. — Although ^^'* 
cannot go into full ])articular^ re>j)ecling the theories propose^ 
to (iitermine the lime-limils and extent of the «:eoloixical iwic^ 
a It w of the })rominent allem])t^ ma\' be cited. The j)rincip* 
(l.it.i iij)<)n which thr the«»ries ha\e been ba^ed are as follow>i 
I , I'liysiml (ijiti . \stro)io}iiii,iL l''.slim.itt*s from the earth 
Iiv.it, its rate of cowling, antl the radiation of lieat into space 
. i\.i !\'in.) 

I"--t im.ites from influence of tidal friction, and thence t 
•J!- !' I'l.th <'f time -.i'lce the- moon was se[)arated off from th 
e.ii ; a. -1 ).ir\\ in, (i. 1 1 . 1 



* ^ •• 1 W. Spi-mrr. " Th<- Diiraiion i)f N'iuif.ir.i Falls:" Am. Jour. Sci 
vi>.. \:\iii. p. 455. l)f«.fnil'rr, IJ>«14 
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r rom tbc rate of the sun's loss of its stores of heat. (T^ 
From other ph>-sical data. (Croll and others.) 
b) Giv/eg^ua/.^-ia) Calculations based upon the estitnal 
[oc&s of the geological deposits of the total series of stij 
E rocks and the estimated rate of accumulation of depot 

E the shores of continents at the present time. (Hoi 

EDana, Croll, Wallace. Lycll, Humphreysand Abbott, etc.) 

Ufi) Calculations based upon rate of erosion since the 

at the glacial cover at the close of the Tertiarj- era. 

Lycll, Hall, Gilbert, Winchell, etc.): and general 

pates and sundrj* hj*potheses as to the time since the 

iai age. (,Geikie, McGec, Croll. Prestwich. Wright. 

mte, and others.) 

bthod of Compntis^ Time firom Thicknen of Kocks. — The 
iHwratc report of Humphreys and Abbott on the " Physics 
i Hydraulics of the Mi.^si5sippi River" furnishes the kind of 
iilence required for making the kind of calculations mentioned 
'Ilia [2a) above — that based upon the rate of deposition, or 
I 'Tiution of deposits, at the mouth of rivers. The amount 
' «lt borne down and deposited by the Missi^ippi River 
iinually is estimated by Humphreys and Abbott to be equal 

a ina» with 1 squaa* mile base and 241 feet deep, 

"■I": earthy mutter pushed along 27 " ** ^^ 

' 1 total of sediment t mile square by 268 " *^H 

I Jt upon Hum|ihre>-sand Abbott's estimate, and dlstribut]^^ 

" Ktiimenlarj- deposit along the coast for a distance of 500 
■ Il-s, and giving the strip 100 miles width (or spre-id it out 
' ^ 1000 miles, and make it 50 miles wide), assuming the sre^ 

I distribution of the product of erosion of tlic whole n^l^H 
' be 50,000 square miles, — on such assumptions the depq^H 

Iboao years would reach a depth of approximately 32 fc^^| 
^ feet in 10,000 years; or, if we put it in round nil^^| 
k 50 feet in io,ooo years. The thickness of sedim«i^H 
She Devonian era i.*, according to Dana, 14,30° '•^'^^ ''^^ 
pc sediments and 100 feet of limestone; estimating the 
Niect of limestone to be equivalent in time-ratio to 500 
1 of iifdiruiry fragmental fiediment, we thus obtain in term.<t 
tnigmentAt sedimentH a total of I4.800 feet. Reducing 



5S GEOLOGICAL BIOLOGY. 

this i4,Soo feet of thickness of sedimentarj' deposits intotim^' 
eciuivalent, on the basis of the above rate of formation of scdi- 
nunts, we have 2,960,000 years for the duration of the 
Devonian era. If now we assume the Devonian to be ap- 
proximately lO'^ of the whole time-duration from the base of 
tin; Cambrian to the present, the total time-duration would be 
j9,()(>o,ooo, which is a little over one half the estimate sug- 
^L>tt*(l by Dana, viz., 48,000,000 years since the beginning 
of the Paleozoic time — Paleozoic 36,000,000, Mesozoic 
9,000.000, and Cenozoic 3,000,000.* 

r'orshay's estimate makes the amount of annual deposit 
904 instead of 26S feet on a base I mile square in i year's 
linu-. which is about four times as rapid accumulation as the 
estiin.ite of Humphreys and Abbott, and the effect upon time- 
duration expressed by rock-thickness would be to reduce the 
time one fourth, making the Devonian 740,000 instead of . 
2,«/m).()oo years 1(M1^. This would bring the age of the earth, 
.1^ a solid L^lohe, nearer t(^ the estimate of Clarence King 
« J. J, "MO. 000 years), to which Lord Kelvin gave approval as 
latcl\- .IS March, lS()5.'^ 

Errors arising from Estimated Values in the Compntationi.^ 

A«.\"rtlin'j: to this estimate we notice that there are several 

. inij >-'rt.int data which are assunieil. and not observed or known. 

• I ■ The thickness of the (lept)sits themselves. Forma- 
tie:!-, as mav be nt)ticed, varv 'MvatlN* in thickness for even 
\\\r t'l w localities nr re«n'«Mis of America in which thev have 
!.■ I !i -iiidied. We tlnd th.it the maximum thickness of the 
N '-::>. American Palco/«)ic series is t-iven as ;;,'000 feet, the 
■ - ■.■ : I'l thicknessof thesi; deposits in the Appalachian region i^* 

; -. \ and in tlir intt-rior of the continent it varies from 

' * ' :;:■■('. Siiu'e this e^liin.ite wa^ ni.ule, Walcott has 

: !'■ .r the (\inil)ri,in 7- " >. > t\-( t of I'lML^rn^^-ntal rocks and 

• '.;;v.< -!■ ine-. ; in tin- 1\'»«.k\' M"iinlain province 10,000 

' ' ■ ".i n.ental and'-"'.' I'eet of linu-^t<»nes. which, reduced 

• ■. -rati'- '[ for linie-toni). L;ives, instead of (7000 + 
p . ; :v,'.r.-. '. i'.^(A->o -}- 30,000 =1) .|0,ooo, or five times the 



* >•'.■ " M.iiui.kl nf GroloK.v,** 3(i edition, p. 591. 
\ Scv .\ iture, V(»l. LI. no. 43S-4£(). 
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If -duration expressed. The maximum thickness of the 

!:ol<: series Is estimated to be about 100,000 feet, or 20 

Samuel Houghton estimated that the time represented by 
' intervals between the strata, when deposition was not 
ing on at the locality where the strata are examined, was as 
■It as that recorded by them. This will fully make up for 
L error from overrating the maximum thickness. Mcasur- 
.; the greatest thickness recorded on the earth for each of 
I'j various formations, Houghton estimated the aggregate to 
i77,200 feet. 

Upham proposes to increase this figure to account for 
':iliscovered strata, and places the total maximum thickness 
! stratified rocks at 50 miles, or 264,000 feet. Thus, re- 
■ Miing thickness, we have estimates ranging from 100,000 
■ 264.000 feet. It may here be stated that the average thick- 
iiL,\s of the total known strata of the world is somewhere 
near 80,000 feet. 

(2) Another element entering into the question of rate of 
accumulation of deposits is the rate of removal of mineral 
substances carried from the continents into the ocean in solu- 
tion (sec Dana, Geikie, and others). 

Mr, Rcadc estimates that the soluble minerals removed 

from England and Wales in this way, mainly Calcium and 

Magnesium Carbonates and Sulphates, would equal i foot 

Wnovcd from the whole surface of the area in 12,978 years. 

Prwtwich estimated i foot in 13,000 years for the area of 

drainage of the Thames, and for the world an average of 100 

I ni per square mile annually, with an assumption that the 

iii'unt removed mechanically is six times as great, or total 

x> -i* 100 =) 700 tons per square mile. 

Houghton, t adopting the estimate of the rates of denuda- 

n of river-basins required to lower the entire rain-basin a 

rkncss of one foot to be as follows: 



* Sm Walcail, "Geologic Time, bb indicated br Ihe Scdimenurr Rocks of 

bAmcria": Proc. A. A. A. S., wol. xui. 1893, pp. isg-teg. 
k See Nf»ri, vol. XVtli. 1 1)78, pp. 366-36S. 
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Ganges ..,, 2358 yeai 

Mississippi 6000 

Hoang-Ho 1464 

I Yangtse-Kiang 27cx> 

Rhone. 1528 

Danube 6846 

Po 729 

found the mean rate to be 3090 

From this table he concluded that " atmospheric agencies 
are capable, at present, of lowering the land-surfaces at the 
rate of i foot per 3000 years; but since the sea bottoms 
are to the land surfaces in the proportion of 145 to 52, the 
rate at which (under present circumstances) the sea bottoms 
are silted up, that is to say, the present rate of formation ol 
strata, is i foot in 8616 years. If we admit (which I an 
by no means willing to do) that the manufacture of strata ii 
geological times proceeded at ten times this rate, or at tbi 
rate of i foot for every 861.6 years, we have for the wholi 
duration of geological time, down to the Miocene Tertiary 
epoch, 861.6 X 177,200 = 152,675,000 years. The cocffi' 
cient 177,200 is the total number of feet of maximum thick- 
ness of all the known stratified rocks." 

In this same paper Houghton expresses, in concise terms, 
the following conclusion, viz. : "The proper relative measui 
of geological periods is the maximum thickness of the strati 
formed during these periods." 

If this sediment be distributed over a strip 30 miles wid* 
and 100.000 miles long — the estimated coast border of depo- 
sition, amounting to an area of 3,000,000 square miles, 01 
\-^ of the land area, on this area the accumulation will be 
nineteen times as fast as estimated for the whole area, or 
foot in about 158 years. Assuming this to be a more co 
rcct estimate of the actual deposit ing-ground, Wallace, takir 
Houghton's estimate of 177,200 for the total maximum 
thickness of the stratified rocks, gets for the time-period tf 

, the deposition of their thickness, approximately, 28,OOO,O0( 

fc of years, 

\ (3) The proportion between fragmental sediments an( 
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limestones is an uncertain quantity, and the rate of deposi- 
tion of limestones is a matter of vague estimation. 

Errors AfTeeting the Values of Actual, not Eelative Time-lengths. 
—But allowing that the various data are quantities of only ap- 
proximate values, in making the estimates the errors are of 
such a nature that they do not materially affect the time-ratios. 
These time-ratios, it must be remembered, are the reliable 
facts that we get from the computation ; whether the total 
time be 48,000,000 or 480,000,000, the probability is that 
che proportions derived by this method of calculation are 
correct to the degree of accuracy of our knowledge of the 
(acts themselves. 

By comparing the three series of values, assigned upon 
this principle to the several divisions of the time-scale, by 
Dana, Walcott, and the author, as tabulated in the above 
scheme (p. 54), it will be seen, reducing them to percent- 
ages, that there is a general agreement in the results. 

The percentages for the three grand divisions are, accord- 
ing to the three computers, as follows : 





Dana. 


Walcott. 


Williams. 


three estim 


Cenozoic 


6.25 


10.526 


15 


10 + 


Mesozoic .... 


18.75 


26.315 


20 


21 + 


Paleozoic .... 


75.00 


63.156 


65 


68- 



100.00 99.997 100 99 + 

Tarions Estimates of the Length of Oeological Time. — Many 
estimates, varying greatly in amount, have been made as to the 
total length of time represented in the formation of the pres- 
ent stratified crust of the earth. The extremes are seen in 
McGee's estimate * that the demands of evolution and the facts 
of geology warrant the assumption that 7,000,000,000 years 
iiave passed since the earliest fossiliferous rocks were formed, 
and twice as long, 14,000,000,000, since the earth be^an its 
planetary form, and in the old conception, on the other hand, 
which was supposed to be interpreted from the Bible record, 
oi 6000 years from the beginning of creation to the present 
Uttic. Both of these are probably far outside the limits of fact. 

* Am. Anihr&pohgistt October, 1892, vol. v pp. 327-344. 
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Sir Archibald Gcikie, the Director of the Geological Sur- 
vey of Great Britain, has expressed the opinion that the for- 
mation of all stratified rocks of the earth's crust required be- 
tween 73,000,000 and 680,000,000 of years.* 

SirWm. Thomson (Lord Kelvin), on the basis of radiation 
of heat from the surface, and the present underground tem- 
perature of the earth, estimated that the time since the con- 
solidation of the crust is between 20,000,000 and 400,000,000. 
aiul that all ^eolo^ical history showing continuity of life must 
be limited within some such period of past time as 100,000.000 
years. -^ 

A more recent estimate made by Clarence King gave ap- 
proximately 24,000,000 for the same period; this estimate 
lias recently been approved by Lord Kelvin, after the debate 
arisini; from Prof. Perry's criticism of the validity of Kelvins 
j)riniary assumj)tions.:{: Geo. IL Darwin estimated, from the 
rale of retardation of the earth's rotation by tidal friction, 
tliat not over 57,000,000 \'ears have elapsed since the moon 
sei)arate(l off from tlie mass of the earth; and Prof. Tait, 
from these and otiier ])liysical grounds, estimates not over 
ic),(HM>,(x)0 years for all tlie <^^eological work on the surface 
of tlu- earth. Iloui;hton's estimate from erosion gives 
2 8,c»^'\ooo for the deposition of the rock strata; Wallace 
accej)ts approximattrh' the latter estimate. 

1 )ana*s estimate, as we have seen, is 48,OCXD,000 years. 
Upliain's j:i estimate, basetl uj)on glacial phenomena, finds 
(jlaci.il and Postglacial time to be 30,000 to 40,CXX) year^» 
Ouarternary 100,000, and thence, by estimating the relativ*^ 
lenL^th of the faiinal life ])eriods. Tertiary 50 or lOO timer 
loti-.rr than the ice ai/e, or 2.000.000 to 4,000,000 years; 
tlii- l)riii^s the mean approximatt'ly to the same figures given 



\iMi.-vv. l)of<«r<- British AsM>("i.ili<»fi. in \^i)2. Svc .Wiiurt, Aiij;ust 4, 1S92, 
\. 1 \i.vi. Mp. 317-323. 

* A-I ir»"--i before the (icni. S«»c. of (ilasj^ow, February 27. iSbS. Sec 
" i' i •; .11 L<'( Hires ami AiUlrt-ssrs of Sir Win. Thomson (liaron Kelvin*," V(»l. 

II- f ' ;. 

t \ /.'M'v. vol. M. pp. 224, 341, an«l 5S2. See also Lonl Kelvin's reply, 
p; . -2 2' .ind 43S. 

t! ,////. ^ourn.tf of Siit'Hi,'. vol. XI.V. pp. 20<>-22o. 
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To these may be added Prcstwich's* estimate of the divl 
:i of Ihe 30,000 or 40,000 years of the Glacial and 
■ cial period into 15,000 to 25.000 years for the former, and 
i-iO to 10,000 (or the latter. This estimate approaches the 
I 'unt derived from the rate of erosion of the Niagara River 
ige, and the retreat of the falls of St. Anthony.f 

Mr. C D. Walcott J thinks the Mcsozoic and Cenozoid 

. in relation to the Paleozoic proportionately longer period) 

ill as estimated by Dana {that is, 1,3, 12 for the Cenozoi^ 

i -ozoic, and Paleozoic times respectively). 

Walcoit suggests the following as probably nearer th« 

r.h: Paleozoic 12, Mesozoic 5, Cenozoic (including the 

I irtoccnc) 2. He places the estimated duration of these 

- 'logic divisions of time as 17,500,000 years for the Palco- 

c, 7,240,000 years for the Mesozoic, and 2,900,000 years 

■ the Cenozoic, or 27,650,000 years for the time since the 

t;innit»g of the Cambrian. He further estimates that I 

'-:L;>iakian was not over 17,500,000 years, and the Archse 

ill over 10.000.000 years more. 

Average of the Zitimatea of only Hypothetical Value. — Ex- 
mining the estimates from all these various sources, of the 
nglh of time required to iiccouut for the deposition of all the 
i-itificd rocks in which the geological record of the history 
' organisms is preserved, we reach the conclusion that an 
.Tjgc of opinions lies somewhere between 35,000,000 and 
'-.'X»o,Dooof years from the beginning of the Cambrian to the 
■■^cnitime. Although it should be held as an extremely 
iipitlhetical belief, the probabilities are considerable that the 
time represented is within these limits rather than outside 
tlltra either way. 

ProTidonal Unita «f the Time-Scale Anumed to be of Equal _ 
"i^M. — But so long as the estimated value of the timc-Icngl 
..cology mu.'Jt be con.sidered highly hypothetical, it may \ 

' I !>■ 534. 
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as satisfactory in dealing with the time-scale to discard them 
altogether, and to consider the divisions as units which, added 
together, make up the total duration of time from the foot of 
the scale to the top, or to present time. 

Adopting this plan, each of the periods in the time-scale 
on page 54 may be considered as a unit of time of uncertain 
length, but of definite position in the scale; and the several 
periods may, until evidence is found for a closer estimate, be 
considered to be of equal value. This makes the time-ratios 
to approach nearly the estimate made by Walcott, dividing 
the whole scale from the base of the Cambrian into 20 
such units and assigning 13 of them to the Paleozoic, 4 to 
the Mcsozoic, 3 to the Cenozoic time. Walcott's values were 
19 units, and 12, 5, and 2 for the Paleozoic, Mesozoic, and 
Cenozoic times respectively. In the scale here adopted there 
is one probable exaggerated error, i.e., the more recent 
units were probably relatively shorter than the more ancient 
units which are represented of equal length. 

The time-scale as provisionally adopted is as follows: Di" 
viding the total time represented by the faunas and flora* 
from the earliest Cambrian to the present time into one hun- 
dred units, there are found to be twenty distinguishable and 
])rctty universally recognized biological life-periods, whicl> 
for convenience may be assumed to represent equal periods of 
time, each period representing one twentieth or five per cent 
of tlie whole. There are three of these periods in the Cam- 
l)rian era, two in the Ordovician, etc. ; therefore the eras rep- 
resent in percentages: the Cambrian, 15^; Ordovician, lO^; 
Silurian, 10*; ; Devonian, 15'r; Carboniferous, 15^^; Triassic, 
3;; Jurassic, 5^/; Cretaceous, io,<; Tertiary, lOJ^; Quatcr- 
nar\- awA Recent, 5<. Paleozoic time is thus 65*^, Mesozoic 
2v>. . Cenozoic 15'r of the whole. 

1 iu-^e estimates, for the ])urpose of measuring the rela- 
ti\r duration of organic forms and thus the ])rogress of the 
lii^t'»i\ of organisms, have a rough ap[)roximation to the truth 
a».i"uling to the cumulative evidence from all sides at present 
1)» f. )!( Us, but they must be accepted as provisional estimates 
t'» he perfected by evidence which will come with the prog- 
ress uf knowledge. 



■stratified rocks— their nature, nomenclatur 
and fossil contents. 



CHAPTER IV. 



Tb« Common TTMige in Clanifyiag Stratified Bocks. — As 6t^^ 

fined on a previous page, geological systems are the primary 

aitits of the time-scate; they are also the grand divisions 

made in classifying stratified rocks. When terms indicating 

'.use of time are applied to these divisions, the meaning is 

. [wc of time during which the system was forming. There 

i Carboniferous period only as it is the unknown lapse of 

!Tic during which certain strata included in a Carboniferous 

■Xom were forming. The limits of that time are determined 

only by the unknown points of time when the first and the 

hit strata of the system were laid down. The thickness and 

IeiikI of rock, or other phenomena, may give us a clue to the 

potable duration measured between the two points, but it is 

> mistake to imagine that we know anything of the particular 

Ecological time, period, era, or epoch at which a particular 

■t^itum was made, except as indicated by the fossils v^-hich 

' cord the age. The laying down of a particular sandstone 

: particular place marked a definite point in time, though 

■iit know in terms of years, or centuries, or millions 

M'>w long ago it was, and it is the stratum, and not 

1. that is definite. 

I i of Htglier Value than Strata for Determining Tlme- 

Accurding to general us.ige the fossils arc not sup- 

'. be the lime-indicators, but the stratum is supposed 

cUie indicttor of the nge of the fossil. This common 

e is defective, in that fo-i-sils, when considered as the re* 

1 o( organisms regularly succeeding one another, 

i-of proigrcss made in their evolution and may 

68 
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thus become independent sources of information regarding tim^ 
succession. From this point of view we find fossils to be the 
marks of the stages of progress in life-histories upon the earth, 
and the strata then serve, as the sand in the hour-glass, to 
mxasurc the length of the time-intervals spanned by the life of 
i)articular species, genera, or families, or of faunas or floras. 

The Necessity of Two Scales; Strata Fnmishing the Data for the 
Formation-scale and Fossils Forming the Basis of the Time-icale. 
— This new point of view will lead to the separation of the 
time-scale from the formation-scale, and the making of a dual 
nomenclature and classification. The fossils, independent of 
the thickness or succession of the strata holding them, have a 
definite time-value, as indicated by the classification of the 
scale into Paleozoic, Mesozoic, and Cenozoic times, and the 
Eocene, Miocene, and Pliocene divisions of the Tertiary, pro- 
posed hy Lyell. 

The extension of this method of dividing the time-scale 
results in the formation of a pure time-scale, based upon the 
stages in the life-history of the fossil faunas, quite independ- 
ent of the formations of any particular section, although 
adoptiuL,^ the s)'stems, arbitrarily, as well-known and recog- 
nized units of uni\'ersal distribution.*^ 

Use of the Terms Period and Formation — In treating of his- 
t<»rie<il i,a"oloL;y we speak of the a^e of invertebrates, the age 
(>f fi-lu >, the aL^e of coal plants, etc., but the application of 
tinu -(K-^ii^nations to the rocks or formations is always per- 
pKxiiiL; and t)ften leads U) confusion of ideas. The tcrm^ 
Siliiri.m. Cretaceous, Permian, Trenton, or Miocene were 
n.inu-^ of rock formations before they could be applied to the 
peiiocN of time in which the formations were made. This 
(i«>'.i!)Ic u->a;4e was introtlueeil as early, at least, as 1S28, when 
I.\vi! piopo^ctl to tli\'i(lc tile Terti.iry formation into ** four 
■.loiiiw y^\^ Piri'his to which the\' belonued," callin^X them 
r.'v- lu. MioceiK', older Pliocene, antl newer Pliocene. Al- 
tii'Mi. ii the science demands two classcrs of desii^nations, a 
t'.iiK-A.iie and a formation-sc.de, it certainly will tend to 



* S««' p. 52 also •• Dual Nomenclature in Gculof^ical Classification,'* y<7Mr»a/ 
<'/gVvv;..;, vol. II., February-March, 1894, pp. 145-160. 
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ncss, and tJeiiniteness of thought and language, to retain 

nomenclature now in use for the classificatton of rock 

rsfmations and to apply names derived from the fossils to the 

t-divisions, since the fossils are the means by which the 

.:iiic-divisions are recognized. 

^^A geological formation, made up of clastic fragments of 
^^b rocks, has in itself nothing by which to determine \\a 
^Krclations; it is only its position, geographical and strati- 
^Bhical, in relation to underlying or superimposed strata 
^Bt indicates its relative time-relation; when considered 
^Biactly, or irrespective of its position, it loses its timc-indi- 
^Hlg characters. 

^■trata PartB of a Geological Formation, FouUa the Harks of s 
^bgieal Period. — ^^t is not scientific, therefore, to speak of a 
^B or stratum as belonging to a particular period, the rock 
^Bigs to a formation. The fossil imbedded in it, however, 
^K belong to the period, is characteristic of the period, and 
^K in nomenclature, it is actually taken as the mark of the 
^B>division. Just as we speak of the Chemung group, as 
^^Bamc (or the upper Devonian rocks of New York State, 
^Kth like propriety we may say the disjumta epoch, or the 
^^B of the Spiri/era disjuncta and the fossils associated 
^H it; and for tlie same reason. The application of Chc- 
^Hg to the group b appropriate, because one of the most 
^Kal outcrops of the rocks so named is along the valley of 
^K^cinung River, at Chemung Narrows, in southern New 
^Hu Not that it is not exhibited elsewhere, and not that 
^^K all exhibited at Chemung Narrows, but the group of 
^^B of which the cliffs at Chemung arc a good example 
^H^ropriately and distinctly defined by the name. So to 
^Kllc epoch the disjuncta epoch is appropriate, because the 
^^Kiftra diijuncta is a charucteristic shell in the fauna of the 
^^■b. and the designation -(/i^y'^nr/a as a specific name is 
^^Bancntly applied to those char.icteristics of the genus 
^^Bi arc peculiar to the closing part of the Devonian age, in 
^^k^mu from which the fossil h-os been obLiined; and al- 
^^ni not the only fossil, and this one not always prcse nt^J 
^^Htmay be used whenever found as indicative of the Ui^H 
^^■l which is so named. ^H 
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The '*Hcmera" of Baokman.* — Buckman has recently pro- 
posed the term hemera {ff^epay a day) to indicate a lime- 
division of this nature. Rewrites: ** The term * hemera ' is 
intended to mark the acme of development of one or more 
species. It is designed as a chronological division, and will 
not therefore replace the term * zone * or be a subdivision of 
it, for that term is strictly a stratigraphical one. . . . 
Successive * hemene ' should mark the smallest consecutive 
divisions which the sequence of different species enables us to 
separate in the maximum development of strata. In attenu- 
ated strata the deposits belonging to successive hemerae may 
not he absolutely distinguishable, yet the presence of succes- 
sive hemcne may be recognized by their index species, or 
S(jnie known contemporar}'; and reference to the maximum 
de\-elopments of strata will explain that the hemerai were not 
contemporaneous, but consecutive.** 

Au^ain he writes: ** Our present * zones ' give the false 
impression that all the species of a zone are necessarily con- 
tenij)oraneous ; but the work of Munier-Chalmos in Nor- 
m.nuly, and my own labors in other fields, show that this is 
an incorrect assumption. The term * hemera* will therefore 
enable us to record our facts correctlv ; and its chief use will 
be in what I may call * paheo-biology.* " f 

The Terms Age of Reptiles. Planorbis Zone, etc. — The no- 
menclature at present in use in geological classification, it 
will be seen, is a nomenclature for the classification of forma- 
tions, and is ap])lietl to the time-classification for want of a 
biltrr. We have in use names for a few of the grander di- 
vi-ion^ of time ])roperly chosen, as the ages of man, of 
ni.iiiiiiials, of reptiles, etc., and in a few cases subdivisions 
• .{ \\\i' fnur kind have rt'Ceived names after the same plan, as 
the f\'.ni<>r/'is Wfu and the nfii^n/ntiis .:(>?ii\ before referred to 
in the clas«^i^KMtion of the Ammonite beds of the Jurassic. 
'1 ii. -I lection of tinu'-desiL^nations by this method can onl}' 
Coin- throUL:]! careful stucU' of the characteristic fossils on the 



' "^. S Hiirkman. ** Ihr Rajnoian nf the SlirrlxiTnc District : Its Relation 
I'. ^.. jaicm anil Superjacent Strata": U- J . G. S., vol. XLIX. p. 481, November, 
1 - ]\. 

♦ /.. i-., p. 482. 
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B of their succession in chronological sequence. Althi 
Vrclativc position of the strata is the only infallible 
pmc-scquencc, it is the fossils in the strata that are the 

infallible marks of time-periods, 

■irawiKlattire of the International Congreu of OeotogUti. — In 

feral usage the time-designations have been applied directly 

c (ormations. as in the nomenclature proposed by the 

national Geological Congress, where the formation-names 

, srrifs, system, group, have their corresponding time- 

s agf, epoch, period, era. In a s^imilar way various other 

which apply to the strata of formations, have tl 

Mponding terms for the fossils of such formations. 

Ppaniui and Flora. — A particular bed, stratum, or foi 

I is said to have its fauna or flora, in the same way 

jMrticular geographical region or province has its 

'i'ta. A particular rock stratum marks a particular faunal 

hirizon. as the Tully limestone may be called the horizon of 

<he Cuboidcs fauna. We find an admirable definition of 

Uuna in the Century Dictionary: '* Fauna, the total of the 

4mmal life of a given region or period ; the sum of the 

flah living in a given area or time." Flora is used simih 

-far the plantn of a region or period. 

1^ Harixoa. — We find under the word horizon an equally 
^Bniticm of that term. A geological horizon is defined as 
^KfitM. or grffup of strata, characterized by the presence of 
^HutJculaf fossil, or a peculiar assemblage of fossils, not 
^Bod in the underlying or overlying beds." 
^■^ne and Stratiun. — The term sone is applied in geology to 
^Hstraium or the strata in which a particular fauna or flora is 
^Hributed. In some cases authors sp^ak of the zone of a 
^BicuUr species; but whether a single species^ or that one 
^H other associated species, be taken as the distinguishing 
^Hca of a geological zone, the difference between a sone and 
^Bw/irw is found in the distinction that the zone is charac- 
^Hted by continuity of the same life and the stratum by 
^Binmty of the kind of stratified deposit. 
^^PMa. — The tcnn faeies is used in a particular sense in 
^Hogy to apply to the particular composition or condition 
^KlttHMtion in a given region : for )t\stanci:, \he WvnWUR^ 
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formation in western New York is calcareous and finely ai^l- 
laceous; in eastern New York the same formation is arena- 
ceous and flaggy ; although representing the same formation, 
one may be called the argillaceous or calcareous facies, and 
the other the arenaceous facies, of the Hamilton formation. 

Area, Province, Eegion. — Again, the terms area^ province, 
region, when applied geologically, refer to the geographical 
districts in which there was greater or less uniformity in the 
kind and succession of sedimentation for a given geological 
period. Thus, the Appalachian province or the Mississippian 
province may be spoken of. These same terms when used in 
zooloi^y or botany refer to the districts which, separated by 
more or less sharp physical boundaries, are characterized by 
distinct faunas or floras. 

Geological Range and Oeographical Distribution* — A conven- 
ient distinction may be drawn in the usage of the terms rangt 
anil distribution, which are now almost synonymous. In 
sj)rakin^ of the separation of species, or genera, or faunas, or 
tlnras, when separated in space, distribution vfiW be used ; when 
sc[)aratcd in time, range. Thus, according to Ulrich, the 
Vitulina fauna of the Middle Devonian may be said to have a 
distribution limited to South and North America and AfricaJ 
its riuigc is Lower and Middle Devonian. 

Variations and Mutations. — Waa^^en has proposed to dis- 
tiiiL^uish the changes of form observed on comparing the sam^ 
sj)(.'cics from different places. When the specimens compared 
bcJoHL; to the same geoloj^ical horizon, but come from the 
.saniL- or different j^eoj^raphical areas, the differences of form 
arc calKd variations ; when the specimens come from different 
',;<'<. l<»-^ic.il li<»rizons, thus rej)resc'ntini^ time-range, the diffcr- 
tiu'- "f form .ire called niutatio)is. 

Development and Evolution. - Another analogous distinction, 
wliii.ii is explained more- full)' elsewhere, is observed in the 
rr>^t^iction of the term dcvt L>f')nent to the processes of expan- 
sion i.f characters of the individual in ontogenetic growth, 
aiid tlie term cVidution to the changes expressetl in the indi- 
\ idii.iN suceei.-ding each other in phylogenetic succession. 

Initiation and Origin. — Another distinction, in the way of 
great* r j)recision, is in the use of the term initiation in place of 
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origin^ when speaking of the first appearance of a new type 
of structure in the geological formations. It is difficult not 
to associate some idea of causation with the terms origin and 
originate, but the term initiation refers simply to an incoming 
or a beginning to appear, leaving other questions open for 
discussion. 

Byitem. — This is the name for one of the larger geological 
divisions, but there is no uniform rule for its application. 
Originally, as proposed by Murchison, system was applied to 
a series of rocks continuously exposed in some geographical 
region. Thus, Silurian system was the series of rocks exposed 
in Wales and western England at one time inhabited by the 
Silures. The Devonian system was the series of rocks exposed 
in south and north Devonshire; Permian system, certain fos- 
siliferous rocks first thoroughly studied in Perm, Russia; etc. 
The term system was afterwards adopted as a name for a 
large and prominent series of stratified rocks, as Carbonif- 
erous system, Tertiary system, etc. 

Systems have been arbitrarily determined, and the list as 
given, including those in which fossils have heretofore been 
found, is as follows: Cambrian, Ordovician, Silurian, Devo- 
nian, Carboniferous, Triassic, Jurassic, Cretaceous, Tertiary', 
and Quaternary or Recent, or including Recent. These, as 
has been said, are arbitrarily fixed, and there is in each case 
a typical system expressed in the rocks of a particular region. 

These systems are applied with an approximate degree of 
uniformity in all countries, although arbitrarily; and era is 
the time-designation which is applied to indicate the lapse of 
time during the formation of the rocks of a single system. 

Oeographical Conditions Determining the Local Characters of 
Stnitified Rockt. — There are a few particulars, regarding the 
^vay in which these rocks were formed and their present 
condition and order, which help to explain the conditions 
under which the organisms lived in the past, and may ex- 
plain why we have full records in some cases, very little rec- 
ord in others, and in many cases very sparse and greatly 
broken records of the life-histories we are seeking to read. 

The stratified rocks, as already stated, are the result of 
^ater-action : First, erosion from already formed rocks; sec- 
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cud, transportation of the fragments by water; and, in the 
transportation, third, separation of fine from coarse and 
further rounding of the individual grains; fourth, sedimenta- 
tion under water in layers or strata. The materials for each 
stratum have gone through these various processes of water- 
action. The result is that the present characters of the strata \ 
have been determined by {a) the nature of the source of : 
materials, {U) the rate, direction, and force of the activity of : 
the water, and {c) the relations of the bottom of the ocean J 
to the surface, or the depth of the water. Each of these i 
three conditions is variable and generally is the same for only \ 
a limited area. To illustrate: We know from observing the » 
phenomena of an ocean beach that the beach material where - 
the shores are low and composed of soil is made up of the i 
wasli of the shore. If a large river empties in the vicinit}', j 
the shore is made up of fine silt and mud ; if, on the other I 
liand. the shores are hard rocks, the beach is composed of \ 
coarse pebbles and gritty sand, the result of the disintcgra- : 
lion (.f the rocks themselves. If we examine the shore ma- 
terial of I^'lorida, where calcareous rocks alone are exhibited, 
we find the sand composed of broken shells and corals. This, 
wlun tilletl by deposited calcite carried into the interstices 
in ^«)liilion and hardenetl, becomes a calcareous rock, called 
c<'«|iiina, and finally a com[)act limestone. 

AL;ain, if we examine the materials lying on the beach 
at lii:^di tide antl those on the bottom out to a depth of a 
hundrrd f.ithoms, we find that the coarse pebbles and boulders 
ar«' ili-lributed ahni'j" the line of most violent wave-action 
nr.ir >hor<..', then "'r.ivcl, antl further out onlv fine sand, and 
t'.nil'.y only tlu: llnoi silt apprars. This sorting is entirely 
V." -.idMuitr with the clian-'c in \i«>Knce and ra])iditv of normal 
i^! 'li-.ii "f the water in wa\ cs and currents. The more rapid 
.!• :i \:''i.nt tlu' motion of the water, the lander the particles 
::i '■.'■! .\\\k\ tran^-ported by it. and, hence, the farther out 
?;'iii ii ^ ^onrci- the mate-rial is borne, the finer and less in 
.ii!!='!!Ul will be the resulting deposit. 

1' 'f all fraL^mental material the land surface, where it 
V onie> in contact with water in motion, may be regarded, in a 
;.;eneral sense, as the source, and, in a general way, distance 
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■-sndl source determines the relative size of the particlj 

I up the sediment. The source may be far up in 

lor of the continent where river erosion or lake erosii 

king uu-ay the land, or it may be on the ocean-shore, 

general it is true that local geographical condit 
ndamcntal in determining the lithological character 
jgical (omiations. 

ring CoDdilions of Environment in Kelation to Ti 
—The conclusion from these observations is that 
Rienlary rocks may be supposed to have been formi 
about a hundred miles of the shore From which 
liments were derived. This theory is supported by 
;,i-sca soundings, which show very small amount of mate- 
-^ccumuiated on the bottom of the present ocean at great 
inccs from land. From these considerations we turn to 
clA&^ilication of formations, and see why it is that we 
ran n ot expect to find uniformity of details in either the 
^■tturol or stratigraphical order, or in the lilhologii 
^^BDSition of the formations, (i) At the same time thei 
^^R>c in process of formation a limestone, a sandstone, a con- 
^Htratc, and a mud-shale, and all may be forming within 
^^btively short extent of coast. (2) In the same period 
^Hbe the thickness of material accumulated may greatly 
^^K while an inch of limestone may be deposited in one 
^^fe a hundred feet of sandstone may be formed in another. 
^H the limestone of one locality may be represented by a_ 
^^■tooc En another, and a thousand feet of strata in ooflfl 
^Hnwy be represented by a hundred or less in another nofl 
^^btATtt. fl 

^BdAtin Order of Deposits In Belation to Depression *V^k 
^H|ian — .Another series of facts may be considered in lh|H 
^^L The shore-lines do not remain constantly the same f4^| 
^^Kcomulation of sediments. The simple fact that thei^| 
^^urine fossils in rocks above the level of the ocean fl^ 
^^nce that there has been a change in the relative lev'^^ 
^^^u mud ocean surfaces ; there has been an elevation of the 
^^H^^ve> Since the conditions of sedimentation vary 
^^HBBnbnce from shore-line, a particular series of these 
^^^^^^^nading from shorc-line out into deep water will 
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be bodily shifted seaward by elevation, and landward by de- 
pression of tliu continental border. 

Order of Deposits with a Sinking Land. — Other conditionf 
rumaiiiiiit; the same, for instance, on a shore with land to 
thi; westward and ocean to the eastward, a gradual continu- 
ous depression of the land would result as follows: The shore- 
line would gradually retreat westward ; at each spot the water 
would gradually become deeper and further off shore; and, 
considering only this one law of sedimentation, the deposits 
forming at each spot would gradually become finer and finer 
witii tile progress of time; so that finally it would happen 
tliat the deposit forming directly over the place where the 
shon^-line was at the outset would be the very fine silt peculiar 
to deep water far out from shore, the same which at the 
beginning of the period was being deposited only at a distance 
off shore. 

To compare the section?; taken at three localities we would 
get the following results, seen in Fig. 3 : 




In wliieli theseclioii at 1 would exhibit a series of deposits, one 
ri\irl\'ing the other (<' /' <i, presenting the same differences of 
s,iliiiirntatic.n th.it would he exhibiteii on comparing the first 
d,]...-!!-. in the several section- \,i <i' a" \. It is likely, too. 
th.ii the .general eliaracter of the fossils would correspond, but 
.t- ,1 matter of .(..^e the deposits of like cliaracter in the three 
>.ai.i!i- u< ' h' 1) would represent consecutive periods, instead 

Older of Deposits with Elevation of the Land. — If we sup- 

p.i-r a -r.idual elevation to lake place, instead <if depression, 
then tile shore-line would adv.ince gradually seaward. — east- 
ward in the supjiosed case. — and the fir.it locality (0 would 
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?ase to receive deposits, and would be eroded away by the 
ction of the waves and partly redistributed over the other 
cposits, while the one farthest out {3) would receive first the 
iner deposits («"), then still coarser (*"), and finally the shore 
:onditions would prevail and their appropriate sediments 
would be deposited (■r"). The following would result: 



ml' fig"«s the 



There would be a reversal in the order of the sediments; 
also a change in the relative thickness of the three sections; 
and number 3 would be the thicker section. Although gravel 
might appear at the top of each section, it would represent a 
lilcr period in section 3 than in section i, and all the period 
ttproscnted by b" and c" of the third section would be repre- 
scnttd in the first section by an hiatus or line of erosion. It 
inessential to assume that such oscillations, upward or down- 
ward, were taking place constantly during the accumulation 
)f the sedimentary deposits now called stratified rocks, and 
he above analysis exhibits the nature of the perplexities 
'■hich must arise in a precise study of the relations of the for- 
lations of different regions to each other, 

Characteriitio FoMiU. — In a general way fossils are charac- 
rristic of the age of the systems, but actually the systems 
■present great lengths of even geological time; and in many 
i<KS this time is long enough to include the beginning, the 
xuriant abundance, and the extinction of a whole genus 
a family of organisms. Such generic groups have had 
eir stage of beginning, have spread about the earth, an<! 
iring their distribution and .idaptation to the various con- 
tions of environment have become specifically modified, so 
at each of the systems is marked by the presence of cer- 
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tain genera which are characteristic of the fauna and floa 
for a long period, and thus serve as arbitrary marks of 
these great periods. The individual continuing beyond a 
certain specific zone in one section does not interfere with 
the general law that there are grand divisions of time whidi 
are characterized by peculiar types of organisms. 

Although we cannot, in the present state of knowledge, 
draw sharp lines which shall be Universal, between the for- 
mations, or between the several species represented in them, 
it is convenient to recognize these systems, and in each 
country the lines can be arbitrarily fixed, and the sub-divi- 
sions locally recognized. 

SUMMARY. 

Reference has been made to the difference between the 
histor\' of the organism (Ontogeny) and the history of organ- 
isms (Phylogeny). It has been shown that there is a natural 
history of the development of the individual, and that there 
may be a history of organisms as a whole — a history in which 
all the species of the same kind are but as a unit in a great 
complex of organic life which has evolved with the geological 
ai^cs. In this latter history' time and the conditions of en- 
vironment have played very important parts; but ordinary 
time-scales are practically useless, because they are not divided 
into long enough periods, and because they do not reach back 
far enough. A special time-scale was needed. This has 
been constructed by an analysis of the classification of rock 
formations. In this analysis we have seen that progress of 
science is as much a progress of ideas as it is an increase of 
known facts; that the accumulation of confirmator}' facts has 
foiloweil rather than preceded the formulation of speculative 
ilicoiie^: that the theories about the earth have dominated 
ill I Mv h i)roposed scientific classification of facts, and thus in 
ilir t. T'luilated science of each perioil. 

1 he result of the analysis emphasizes a few laws, which 
m,i\ be stated as established, regarding the chronological as- 
ju'cts of the rocks. 

First, 'i'here is a natural succession in the original forffta^ 
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on of rocks. There are certain rocks that are relatively 
rimitive ; these are crystallized and compact, as granites and 
neisses. There are other rocks that are of sedimentary ori- 
;in ; these are secondary in original formation ; they are made 
){ fragments of rocks, and are in stratified form, and lie upon 
)rimitive rocks whenever the two are in contact. There are 
)till other geological formations that generally are not in com- 
;)act form, but are composed of loose fragments, sand, and 
iine mud, or soil, and naturally lie above the others. 

A second law established by experience is that (with ex- 
ception explained by later disturbance) for the sedimentary 
rocks natural order of superposition indicates relative chrofio^ 
logical order of formation ; viz., in any given case of two 
stratified rocks the underlying rock is the more ancient. 

A third law is that the mineral character of any particular 
Uratified rock bears no necessary relation to its age. As, for 
instance, rocks of the same composition, structure, and color, 
but coming from separate geographical regions, may be of 
entirely diflferent geological ages. 

Fourth. It is an established law that there is some definite 
relationship between the characters of the fossils afid the rela- 
tive geological age of the rocks in which they occur. This law 
is formulated in the classification Paleozoic, Mesozoic, Ceno- 
2oic, applied to the respective geological formations in their 
chronological order. 

In accordance with these laws a classification of forma- 
tions has been formed (Cambrian, Ordovician, Silurian, De- 
*^onian, etc.) in which the relative antiquity of the systems is 
'xpressed. This constitutes the formation-scale^ and it is 
based upon the series of strata, lying one upon another, com- 
posed of sedimentary materials of various kinds forming sand- 
stone, limestone, shales, and conglomerites, etc., originally 
ficarly horizontal in position, but now variously tilted and 
folded. In such rocks the fossils are found from which the 
^tme-scale proper is constructed. The recognizable units of 
^his time-scale are the periods, characterized by fossil fauna- 
'oras, whose characteristic species may be distinguished the 
irorld over and thus form the marks of the standard time- 
cale for the study of the history of organisms. 



CHAPTER V, 

FOSSILS— THEIR NATURE AND INTERPRETATION, AND 
THE GEOLOGICAL RANGE OF ORGANISMS. 

I 

Fossils of Vegetable and Animal Origin. — Having explained 
the nature of the series of geological formations, their classi- 
fication into systems, the value of these as reservoirs of in- 
formation regarding the history of organisms, we next inquire 
into the nature of the fossils, which are preserved in them iind 
furnish the records of the separate lives whose histor)' we 
would trace. 

I\)ssils are any traces of any organisms which, having 
l:)ccn buried in rock-forming muds, are preserved to tell of 
the life of the dead organisms. Vegetable fossils are remains 
of plants, leaves, stems, wood, fruit, nuts, or resin, gum. ot 
carbonaceous matter, coal or bitumen, or oil or gas. Animal 
fossils are remains of animals, their foot-prints, tracks, trails, 
cases formed of particles of sand, as of the Caddis- worm, etc., 
skeletal or dermal hard parts, bones, teeth, spines, scales, 
.shells, or corals, and secretions of various kinds, formed during 
life for protection or defense, or offensive weapons, or ex- 
cretions, when of sufficient hardness to resist destruction, a£ 
the coprolites of fish and reptiles, preserving, in some cases, 
evidence of the shape of the intestinal canal (spiral) through 
which the\' passed. ♦ 

Original Material of Fossils. — The original materials were a 
wirioiis as the hard parts now formed by living organisms 
Tin L^reat m.ijority of the known fossils were originally com 
jxt^rd of calcic carbonate, calcic i)hosphate, chiton, bone, silica 
or. in the case of j)lants, bituminous matter. In some case 
the whole animal may be preserved, as in the case of insect 
in amber, or the fossil elephants in the ice of northern Si 
beria, which have furnished abundant store of ivory to entei 

78 



X>SSri,S~TffEIK NATURE AND JNTERPnETATlON. 

iiig explorers; or in the case of minute oi^anisms buried 
'.he muds, the softer or destructible parts may decay 
! pass away as gases or in solution. Generally, howevW 

U arc but fragments or parts of the original structui 
i .Lti during the life of the organism. Again, the i 
"ul substance of the fossil, when removed by solution aftj 
[ossilization. may be replaced by other mineral substani 
bniugbt in from without by infiltration. Or the mineral m4 
be molccularly changed or replaced ; an example is f( 
ffood. in which the grain and structure of wood is preser^ 
fcM silicificd. This replacement may be by Silica, Calcit*^ 
^nc, Marcasite, Siderilc, and rarely some other minerals.! 
^BftrtoBS Aspects of the Original Form represented. — In tl| 
^^ft condition the form may differ from that we are accui 
^Hd to see in the corresponding part of a living organism, 
^^k a fos.sil snail-shell may be simply a fossil shell, that 
^^Be shell itself buried in the rock. Or it may consist of 
^^■mpression of the shell now removed, in which case it 
^^Bk tlic reverse or cavity over the exterior of the shell, or, 
^^■e of flat shells, like clam-shelb, similar impressions of the 
^B surface; or the cavity may be again filled with detrital 
^^■r, forming a cast of either the inner or outer form of the 
^^Bor object fossilized: in the former case it would 
^Hl a mould ; in the latter, a cast. 

^^BBterVfttioB of Fosails.— Fossils may have been covered u 
^^■liriou!! condition', and at various places; and the fossils 
^^h:|ves arc the best indication of the conditions. The 
^^B may consist of land species alone, or types of organ- 
^^pdaptcd to live in air and not in water; but in order to 
^^Rscrvcd it is almost universally necessary that the part 
^^Bicd be covered from tlie air: first, because atmospheric 
^^Bioiu are extremely destructive to any substances expos^H 
^^bm, cvco quartz or glass su^^cring more or less by c<l^| 
^^Ba exposure. The protection by soil will preserve t^H 
^^■insatuble matters, but here again decomposition ai^| 
^Hbn of any substance that can be decomposed or dissolv^f 
^^■tas^c witli slower or faster rapidity. Entire cxct^f 
^^^^^Hk-'fUid from circulation of acidulated and alkalii^| 
^^^^^^Bp^dttionunder which the mote yeticcX VoflgJ 
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were preserved, and this condition is found only um 
muds, in marine conditions; in the bottom q\ lakes or 
river bottoms fossilization may take place, but the foawl 
are then liable to some change of composition. Fossils 
served under the most favorable conditions, by long-conlin 
ued pressure and the slight circulation of fluids in rocte 
suffer change after their formation, particularly in the way 
assuming a crystalline structure. 

The M^ority of Fouils are of Uarine Or^aniama. — From t1 
above remarks it is evident that the larger proportion of (ossil 
must be those preserved under the surface of the ocean 
next wilt be found those buried in land basins covered 
fresh water; and only very rare will be the cases of fossil 
otherwise preserved. Hence marine ot^anisms will naturall] 
present in the rocks the fuller records of their history: freA 
water or brackish -water species will be recorded less perfectly 
and the organisms normally living under land or air condi 
tions will be recorded in fossils very imperfectly at the best 
The great majority of even the hard parts Of such organism 
must be destroyed before reaching the position of a safe burial 
place, and our studies will be directed by this law of prcsa 
vation. Marine organisms, and largely marine invertebrate! 
will be selected as illustrations of the laws of the history 
organisms, because the records regarding these are fuller 
regarding any other kinds of organisms. 

Varioiu Eindi of Fossils enumerated. — To the qucstio 
"What are fossils?" the cuncisc answer is: Fossils at 
traces of organisms buried in the rocks, A full dcfinltifl 
would be a descriptive treatise on Paleontology. As to till 
forms, fossils are as various as are organisms, A useful anal] 
sis, however, may be made of their composition. FosW 
are composed (A) either of the original materials of the Ofga* 
ism which made and left them ; they arc then strictly reiaai' 
of dead organisms, or of parts of them. Or (B) fossils may' 
casts or moulds in the rocks where these structures were ori| 
nally buried and afterwards removed. (C) The filling of tfe 
cavities thus formed constitutes other kinds of fossils. ( 
, The cavity may be filled by mineral matter carried in byinli 
LtetifM and redeposited; {2) the cavity may bt^jj^^^h 
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' ^uUr rei)Uctfmi;ot of the mineral of the original structui 
tnc other mineral, as calcitc. silica, pyritt:, etc. ; (3) tl 
iv may be filled by detrital matter washed into the cavil 
"utsiiie. (D) The original substance may be changed 
iTular constitution, or even in chemical corapositit 
■ ■■■;, a part of its elements, or gaining other elements; th' 
' ce o( wood may become coal, or a shell may becoi 
■lUine oklcite, or aragonite. (E) Finally, the fossil 
!>! nf tnices left in the sediments while the animal 
. .15 footprints or other marks of organic activity. 
FiMiiU repre«ent chiefly the Hard Farts of OrgaaiamB.- 
etant generalization may here be made regarding all 
's. Fossils represent organisms, but almost universally 
represent the hard parts of living organisms; hence 
j;i[«i valuable lessons to be learned from fossils must be 
.Lil (ram the study of the hard parts of organ; 
t barJ parts are the parts which have attained defin; 
fixed form during the life development of the individi 
pans, or organs, are adjustable to changing exterior coi 
1^ but its hard parts are already adjusted, and, thci 
thcj" arc an expression of the working adjustment 
-;>cctc^. to the conditions of its environment, at the partii 
which it lived. 

L perfectly adjusted OrganiBms of the Time left 

—The history of org;mism^, which we particu- 

ftracc in the study of fossils, is not tlie hislorj' of impct^ 

■jrganisms struggling toward perfection, but it is tllfl 

ry, for each age and epoch, of the perfected adjustmuflu 

'lie organisms of the time to the particular conditions <■ 

'nnmcnt in which they lived. They did not die bcfon 

- Hme, overcome by the mythical fittest who are said td 

1 ■\:i: struggle. Thi-j' were the fittest, ami died natnfl 

li.iving proWUcd before they gave up the sirug^fl 

1 ' - ;iriigcny tct succeed them. The hard parts recoffl 

■isior)- of adults which had endured the struggle, aM 

^■^resent the royal line of succession for the geologicd 

^poal lawi re^szdiB? the Oocarrenc* of Foutlt. — Thed 
^BtaiD general laws, concerning the occuitcncc o( ^osd 
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and the relations which their specific forms bear to tin 
they occupy in the geological scale, which indicate a detinii 
ness in the order of their succession, quite independent of tl 
evidence furnished by the stratigraphic succession of the rocl 
themselves; and it is this testimony of the fossils, pure ar 
simple, as mere physical forms, upon or in the rocks, thatcoj 
firms and helps to complete the chronological scale indicate 
by the successive geological systems, 

Pictct* announced a number of propositions setting fort 
the more prominent of the laws of occurrence of fossils am 
their relations to time and place. In the " Handbucb di 
Palarontologie " Zittelf has condensed and culled them s 
carefully that we there have concisely formulated in a (ei 
sentences the chief facts regarding their occurrence. 

They are as follows: (i) All stratified sedimentary rock 
(with the exception of mctamorphic rocks) enclose, raore c 
less richly, fossils, and thus prove that the earth, for an in 
measurable length of time before the appearance of man, *i 
inhabited by organisms. 

(3) The fossils of the oldest and deepest strata represen 
extinct species, and for the most part extinct genera; only 
in the more recent strata are found forms which are identic 
with those now living. The deeper down we penetrate in til' 
series of strata the more divergent are the fossils from tb< 
forms now living; and, on the contrary, rising from the earli- 
est to the more recent formations there is a continuously 
increasing resemblance to the present creation. 

(3) The different fossil faunas and floras follow each oth" 

the world over in the same regular sequence; the formation! 

stratigraphically nearer to each other contain the most simili 

fossils, and those most separated in age present the grtaU 

, differences. 

(4) Constant change characterizes the evolution of l' 
organic creation. Species of one geological formation ai 
cither completely or partly replaced by other species in th- 

I superimposed strata. 

ran;aU lules. " Traltu ije rwleoiUoloi;io : 
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15) Each species, like the individual, has a certain shoi 
^cr IKc-pcriod, after which it perishes, never to reap] 
I From these principles it arises that the approximate age 
E stratum may be Jetermincd by the degree of similarity 
i fussils to the forms of the present time. The fossils 
incd in the strata are the means of determining the 
alcncy (that is, likeness of age) of the strata themselves, 
1 general, identical fossils indicate contemporaneity of 
Icnclosing strata. 
llSiuige of the Forms of Fossils with Passage of Time, and 

^culftT PonB characteristic of Particular Periods of Time, 

ttdeoiable Fftota of Paleontology. — Thus it appears that what- 
-■-r we m;ike out of fossils, wht'ther we consider them stones 
: i>rganisms, however we account for their origin, whatever 
■-Liiion wc conceive them to bear to each other, the fact is 
ijfttinyly vivid to the paleontologist that the form of a fossil 
■ intimately associated with the time in which it appeared 01 
the earth ; that the morphological characters assumed by (1 
«U have been gradually and incessantly changing from 
bt^ntng of the world. " 

InergkBic Things, on the ooatrary. Unchangeable. — This is 
ftintrirj- to the law in respect of everj' inorganic thing. The 
(iifnucal composition of things and the chemical properties 
-'i- the same .so far back as we can trace them and to the 
:i"«l distant star in space. Minerals in the Archxan ages, 
"^^'orcany foswils had appeared, crystallized out into exacUy< 
tiL' amc forms which they assume to-day. We know of 
lie least fluctuation in the laws of physics for all 
lalced, it is by dependence upon the absolute certainty anif' 
Kfbnntty of these laws that the astronomer is able to calcu- 
t the position, the size, and the orbit of some unknown 
I unseen planet, and directing his telescope to the pli 
ould be. to discover it there. 
I fonils eharacteriatio of Partionlar Periods «f Oeolt^ic Tii 
The mnrpholngicnl combination of characters, which 
•jl (as a Trilobitc or an Ichthyosaurus^, has its definite 
khip tn geological time, and each form is characteristic 
[nr period of time. A fossilhtfomes the unrntitakabU 
'^Jftj^ 9/ tki rock in whick it is etuloseii: Ux« Tnli>- 
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bite is characteristic of the Paleozoic, and the Ichthyosaurus 
is characteristic of Mesozoic time, as truly as man is charac- 
teristic of recent time. 

Stony Corals: the Zoantharia. — In order to emphasize and 
illustrate this law of the intimate connection between organic 
form and time, the statistics regarding the great order of the 
stony corals (the Zoantharia) may be chosen. 

Ft)r ihe convenience of those who may have no special acquaintance with 
the sciomific nomenclature of systematic Zoology, a few facts regaidingthe prin» 
ciples of classification and nomenclature are here offered. The classification of 
animals is based primarily upon differences in form, structure, and function. 
On this basis zoologists have classified animals under nine chief divisions, cailed, 
I, Pii>r)zoa; 2, Ctxilentcraia ; 3, Echinodermata; 4, Vermes; 5, Arthropoila; 
6, Molliiscoiilea : 7, M<»llusca ; S, Tunicaia ; 9, Vertebrala. (Claus.) Each of 
these divisions is c.iUed a Branch (Phylum or Subkingdom) of the Animal King- 
dom, ar)d each is ( haraclerized by a distinct type of organic structure. 

Under each t)i these chief divisions the animals are associated by their 
greater decrees of likeness, and arc separated by their lesser differences, into 
subdivi>ions, called respectively, from higher to subsidiary rank. Classes, Onicrs, 
Faniiiies, (ienera, and Species. The Ctelenterata are thus at present known 
under f.uir Classes, viz., Sjioiigia. Anlhozoa, Hydrozoa, Ctenophora. 

The (lass Anlhozoa (<<>ral animals) is subdivided into two orders, Alcyonaria 
anil Zo.iritharia. The cnier Zoantharia is subdivided into three suborders: The 
Antil ithiiria^ the Aitinaria, an<l the Madreporaria. The first two of these 
sub«ti(K IS develop no hard parts that have been recognized in a fossil state, and 
then I'll- we cannot speak (»f their historical relations. The AfaJr/foraria 2Xt 
the }>"ly[>s which secrete stony corals, and of their calcareous skeletons great 
numbers have been found in the rocks; many massive beds of limestone consist* 
in^^ mainly of them or their fragments. 

The Madreporaria, or stony corals, have been classified in two groups of 
fair.ili<s, the most rhara<'teristic feature separating them being the arrangement 
of the '-f'pt.T in one of them in fours or multiples of four, Tetracoralla, and in 
sixes or multiples of six in the other ^rciip, Hexacoralla. 

Numbers of Genera of the Zoantharia recorded for e^h Era. — 

TIkt^' an* several thousand species of stony corals described, 
hilt t<»r the j)re^eiit j)urj)o>e it is stifllcient to note that there 
air 44S ^riKTa of Z<)*iiUliaria already described and recog- 
ni/rd. (Zittel.) That is, there are 44S different conibina- 
tioiis of t<»rni()f tile >ton\' corals, which are sufficiently sharply 
drhiicil and Constant in their character to be classed under 
di^tiiut i^M-nera. If we only note the numerical relation o{ 
tlu>e L;enera t»> the successive theological periods of time, the 
law above referred to becomes at once apparent. In the 
Lower Silurian 4 genera arc reported by Zittel; 5 genera have 
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■. since reported in the Cambrian tor America alone bjr.^^H 

cell; the Silurian has 54 genera, Devonian 39. Carbonif-^^H 

- 54. Triassie 17, Jurassic S4, Cretaceous no, Tertiary ^^\ 

mil Recent 133 genera. _ 1 

Two Typei of the Zoaatharia indicated by the Two Haxima of J 

■.AT% in Separate Erai in the Time-scale. — In this scries of ^^H 

I)cr3 of genera there arc two ina.\inia. one in the SiluriaDt ^^^| 

iji Recent time. This is explained by another fact: theC^^H 

■■ T (Zoanlharia) is divided, as above stated, into two bio>'^^H 

cjI groups, distinguished by a marked diflercncc in tbe^^H 

-ncrical arrangement of radiating divisions of the body. ^^^| 

first group, the Tctracoralla, has 81 genera; the second^^^H 

'.p. the Hexacoralla. has 367 genera. With the cvceptioa^^H 

: 1 single genus, all the 81 genera of Telracoralla are coo-^^H 

^d to the Paleozoic. The Hcxacoralla arc mainly laCer^H 

^^ the Paleozoic. ^^| 

^VThcse statistics for the Madreporaria, arranged in tabuliB^^^^H 

f«m. produce the following table (the figures in each coluain^^H 

opjmsile e-icb family expressing the number of genera of the^^^H 

lamily which made their first appearance in the geological ^^H 

sy«em corresponding to the letter at the top of the column): 1 

(ABLE OF THE NUMBERS OF GENERA OF MADREPORARIA J 
^^^AKING THEIR FIRST APPEARANCE IK EACH GEO- ^^J 
^^^ LOGICAL SYSTEM, GROUPED IM FAMILIES. ^^H 
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Snintioii Oarre of a Bronp of OrgsnisniB. — These statistics^^H 
miy be >o .urangcd as to express in graphic form the rate oF'^^H 
Manic riificrcntiation. ^^H 
Ij^k Ulis purpose a table is constructed, composi... i ■ 
^^Bdf'ten perpendicular columns, each one, {t^w. \ 
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-right successively, representing the successive geolo^cal eras, 
Cambrian, Ordovician, Silurian, Devonian, etc. The name of 
the era is indicated at the top of each column by its initial let- 
The length of time of each of these eras is represented 
roughly by the width of the spaces between the separating 
lines, according to the time-scale described in Chapter III. 
Thus, starting from the lower left-hand comer, the abscissa 
represent time-extension from the beginning of the Cambrian 
1. 
Drawing an horizontal line from this point across the base 
of the several columns, the distance above this base-line or 
the ordinate expresses the degree of differentiation in ternist^ 
units of genera (or of species, as the case may be) appearingilV 
each era. 

Thus, by connecting together the points representing the 
amount of differentiation (the ordinate) for each geological 
era (the abscissa), we produce a curve representing the ra" 
of generic differentiation for the particular order or claS 
(as the case may be) under consideration. This curve mayb 
called the evalution curve. In the following table are repre 
sented the evolution curves of the Madreporaria, and those 
several divisions and families of the Madreporaria, based upo' 
the statistics before us. 

Coilitmotion of the Dlagrun.— This diagram naj constructed as follom: 
Extension laterally cepresents time - duration, beginning at (he left-hai 
per corner with the Irase of the Cambrian; the total length of geological lii 
thence to the present is made to cover too spaces. The several geolcgli 
I -eras are represented in their estimated pioportionale lenji^ths. till 
given to the Cambrian. loX to the Ordovician. lo)( lu the Silurian. I 
tu the Devonian, and t;f to the Cartwnlferous: to the Triassic jx, Jurassic ! 
Cieuceous io«; and the Tertiary and Quaternary together arc given i; 
lott to the fotmer and S* to the latter. 

This, it will be seen, assigns to the Paleuzuic, Mesoioic, and Ccfioio^ 
respecliiely. 6j<, t(A, and 15*, or 13. 4. 3 as the timc-fatios, Dana's revi» 
(189SI being IS. 3, I, and Walcoit's esiimute stands 13, j, 3, aa c 
plained In tbe ihinl chapter. 

Vertical tines are drawn lo separate off the time-Bc;ilc inin periods with l)w 

propoitions. Vcilical cmenslon of the curved lines reprc»enls the number 

new genera of each period. The curve m running highest Is the curve of geaci 

diBercn tint ion for ilie Order Madrepuraria, and is compiled (roin the Kns 

I's "Handbucb," with some cunoctions lased upon lacta appeatUi 

publitaiitm. and the geological range there HSilgned to Ibcm, wUli 

It i>( the genera of the first foinlly of the Hexocoralla, Fatal 

fl«inniMttRin«f*ariiiitK. 
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The differentiation curve is formed bj making a vertical scale and placing 
t point representing the differential ion for each period above the base-line b^ 
e number of divisions corresponding to the number of new genera initiated 
niog the period. In the same nay separate differential ion-curves are (ormed 
>r the genera of several of the families: thus /is the curve for the Favosilid«; a, 
tccnrre for AstrKidx; h, tor the familjr Turblnolids. 



Faleozie Time 



MesMoic CenoEoto 







MeMting of tbene Xrolntion Cnrrei. — This diajrram illustrates 
le following points : The curves express the rate and the dc- 
ec of differentiation o{ generic form expressed in the subor- 
:r Madreporaria in geological time. This law for the whole 
oup is expressed in curve »;/. The irregularities of the 
ir\'e suggest at once that it is compounded of at least three 
dependent curves, of which the nodes are at the clnse of the 
lurian, Jurassic, and Tertiary, and this suggestion is verified 
/ examination of the taxonomic classification. There wc 
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find that the systcmatists, studying the structure, have divided 
the genera into 13 famihes, grouped in two divisions, Tetra- 
coralla (2), Hexacoralla (1 1), and the curves for each of these 
is separate. Thus we find that the curve of differentiation 
for the genera of the Favosilida: (curve ff of the dif^ram), 
which begins with the Ordovician and ends with the Paleozoic, 

lunts for the main features of the Paleozoic part of the 
differentiation of the whole suborder. Although other families 
have their beginnings in the Paleozoic, it is only with a few 
genera. 

If we examine the curve for the genera of the family As- 
tr.'cid.'e {aa' on the diagram) it is evident that the chief dif- 
ferentiation for the early Mesozoic was within this family. 
This family and the Fungida; will nearly fill out the total 
differentiation-curve. The third irregularity in the curve is 
again explained by the late culmination and differentiation of 
the family Turbinolida;, bb' , which shows its first genus in the 
early Mesozoic (Lias), but presents 17 new genera as late aa 
the Tcrtiarj". 

Chronological Value of Family Oroaps of Genera Thus 

appears that groups of genera are not only families accordi 
to the taxonomist (that is, genera naturally grouped togetliei 
because of the likeness of their general structure), but th< 
genera composing them are naturally associated together bj 
the time of their initiation among the organisms of the world 
and the simple tabulation of the time-relations of the gcncr 
of an order reveals, by the irregularities of the curve of differ 
entiation, that the order is made up of several families havinj 
separate evolution-curves or separate life- histories. 

The Life-period of a Genus. — The numbers thus given do no 
refer to the same genera repealed, but in large measure ti 
different genera for each system. Without going intodetaibi 
this may be illustrated by the following statement: Of thi 
genera above tabulated 182 are peculiar to a single geologica 
system, 8g are found in only two contiguous systems, 40 havi 
\ a range of three systems, and only 9 range through (our sys 
or. to express the fact in proportionate numbers, thi 
riod. or geological range, of } of the known 448 genen 
W-corals is not greater than that of a single geologji 
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J o( the genera have a life-period of one or two sys- 
I length: iV of them lived only through two periods and 
a third ; and only g. or -^, continued existence for 
I the length of tliree geological systems. 

ainos exprew ZTolation in their Geological Historr ; & Pi 

iBtftl Iaw. — Tliesc statistics are chosen only as a conven- 

Ulustnilion of a general law, which might be illustrated 

by other group of which we have the facts. Without 

ping to ascertain what the particular nature of the forms 

i e\*ident \^\^K divtrgeace of organic form is intimate/y 

kt/ff/ a't/A lapse of timf. Wc do not require to see every 

^that has lived on the earth to distinguish the working of 

law; but the few imperfect evidences, as well as the fuller 

rutars wc know respecting some of the better preserved 

piisms, emphasize the presence of the law whenever 

nine the facts. Thus wc are led to conclude that «« 

ficat diffcrvntialion (,~i-olution\ is as characteristic of 

y "/ organisms in geological time as organic growth (< 

imen() is characteristic of the history of the individt. 

Iiuw in its lifetime. 

> VeBning of Oenas and Species, — We have been speaking 
Dibinations of form which are defined as classes, orders. 



and 
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t, or gpecics, and of genera as living at a particular timi^l 

J a particular range, and differing one from another. 
\ jftudy of fossils wc do not actually *ks. s^ccxcs %Mi. 
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j^cnera, or classes, or subkingdoms; but we see only certain 
shells, or impressions, or marks on the rocks: we say these 
fossils represent animals that have lived, and we give them 
particular generic and specific names. To take an example, 
we find a specimen in the Niagara limestone, illustrated in \ 
the accompanying figure. (Fig. 6.) 

The Fossil Coral, Favosites niagarensis, as an niattratioiL— It 
was named Favosites niagarcnsis by Hall, which means that 
its ^rcneric characters are those of the genus Favosites^ its 
specific characters those of the species F. niagarcnsis^ and 
that it was described by the paleontologist James Hall. It is 
a fossil coral (Actinozoan), of the order Zoantharia. 

Analysis of the elements of form, which must be obser\'ed 
in classifying the specimen, will reveal somewhat more dis- 
tinctl\' what is meant by saying that organic form and lapse 
of time are intimately associated. We notice, in the first 
place, that the fossil is made up of a large number of polyj;o- 
iial calcarecHis tubes attached together by their outer faces. 
This ])eculiar structure is the evidence for placing it in the 
order Zoantharia. Living corals (Zoantharia) secrete calcare- 
ous tubular hiiscs, in and upon which each Zooid is supported, 
ami in livinj^ corals these corallites are aggregated in the same 
manner as in the specimen before us. The radiallv svm- 
metrical structure of the corallites is sufficient evidence that 
the ^j)ecimen belongs to the subkingdom Ccelentcrata, and 
we know of the existence of this subkingdom in the first or 
Cambri.m period. 

The continuous, hartl, calcareous skeleton shows the fossil 
to be a M<idreporarian, the structure of whose soft parts we 
assume to have been that of livinc; Madreporarians, and there- 
fore to be ()ne of the cl.iss Anthozoa which is characterized as 
*'])olyj)s with o'^opjiai^eal tubi; and mesenteric folds, with in- 
\\ rn.il v«ner.iti\e ori^^uis fno medusoid sexual ireneration).*' 
'I"!i< -r|)ia, which are rudimentary in the si)ecies before us 
<-<•(• Vvj. S), are twelve, antl this character distim^uishes the 
s|)( uiih n from the subclass Tetracoralla, in which the septa 
arr -roiipcd in multiples of 4, and from the order Alcyonaria, 
whicli ha^ S tentacles; and they shcnv it to be an Hexactinia 
(or I lexacoralla), in which the septa are six or some multiple 
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Iibc. True Hcxacoralla have not been discovered 1 
Ordovician, or second geological period, 
The diagram Fig. 7 illustrates the fundamental elem 
, coral (HexacoraUa). 




■ The calcareous tube or support of each animal (polyp) is 
Karrallufti, tlie wall {afi) is the tkcca, the longitudinal parti- 
lbs («) are the septa. The septa radiate toward the centre 
h arc in multiples of 4 in the forms called Tetracoralla and 
nnultiplcs of 6 in the forms called Hcxacoralla. 
I The characteristics of the Hexacoralla cup are expressed 
I the specimen before us, the Faxwsites niagarrtisu ; the 
Bta are. however, in only rudimentary condition, appearing 
nhc fossil fonns only as faint ridges or rows of spinous pro- 
Bions on the inside of the tubes, as in the diagram Fig. 8. 
■c transverse partitions (see Fig. 6, />) are basal plates, con- 
kctcd as the corallum grows upward for the animal to rest 
■Ml. and arc called tabula; or dissepiments. The Favosites 
m characterized by the prominent development of tabulx, 
BB which character the corals of this type are called 
fcjtla. The specimen presents another character (see Fig. 
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'-::.:*; r-.*Ti: : f-rr. :: the corallitcs. their close . 
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'. >: I iiniiy * h.ir.ii t'T'- \ i/., thi- iierfoiMtion of llie walls, 
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idicr and appeared in the Ordovician era, but cca.'iud with 
tie Paleozoic time, and its subordinal characters — viz., the six 
rimarj' septa — date back as far as the Cambrian era, and are 
eing repeated in the generation of species living at the prcs- 
nt time. Thus, in the case of an individual specimen of 
'•avositis niagarensis, we can point to one character and say. 
This character continued to reappear in other individuals until 
Jic close of the Niagara era, then it ceased; of another. This 
diaracter continued to reappear until the close of the Paleo- 
loictimc; and of a third character, It is still appearing in 
individual oi^anisms now living in the ocean. The facts in 
the case may be graphically expressed by the following table : 



Table expressing the geological range of the characters 

of the fossil fayosltes niacarexsis (hall). arranged 

according to their taxonomic rank. 
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Tim»-T»ltiM of the Chanoten of an IiidiTidiial Differ according 
Ulkcir Taxonomio Bank. — Wc learn from tJiis analysis that any 
particular fossil represents a particular living animal, whose 
time of living was identical with that of the formation of 
the rock in which it was buried; also that the fossil cx- 
libits morphological characters of various taxonomic rank, 
tnd these characters have a time-range quite of the same 
iider as their taxonomic rank. In any particular organism, 
ossil or living, the characters of highest rank in classification 
lie hiitoricatly the oldest, and the characlets ot VowtsX ^aM.o- 



94 GEOLOGICAL BIOLOGY. 

nomic rank, as the specific characters, are of most recent 
origin and their geological range is of the shortest duration. 
In studying fossils, therefore, and using them as time-indi- 
cators, or studying the history of the organisms represented 
by them, it is all-important to notice the taxonomic rank of 
the morphologic characters under consideration, since it is 
true that the less the taxonomic value of the character the 
sharper and more diagnostic is its time-value. 

Although the successive eras are distinguished by change 
in the specific and in the generic types of organisms, and it 
may be supposed that some of them at each era are directly 
descended from those of different species of a previous era, 
it is not so clear that the succession should present any 
anal()L;)j to the succession of morphologic form exhibited by 1 
the iiuliviclual in its various stages of growth, as will be seen 
bv the followin*^ considerations. 

stages of Growth in Ontogenesis. — In the growth of the 
indixiMual there are certain stages called (l) infantine, or 
larval. (2) adc^lescent, (3) adult, (4) senile, which may be 
sliarply distini^uished by morphological characters, and dur- 
ing llu- life of the individual by distinct physiological opera- 
tion^. These stages are found by Hyatt and others to be 
so characteristic of the period t)f time in the growth as to be 
precisc^ly named ; Hather " has called them terms of auxology. 
Hyatt, in a later article, + suggests the propriety of using 
the term bathmoloL^y, first proi)osed by Cope, for this 
classification of the stages of individual growth. The 
technical names proposetl by Hyatt are slightly modified 
bv H.ither. and are as follows, viz., the infantine or larwil 
slaLH- or f(^rm is called CDibryouic and brcpJiic, the adolescent 
.sl.i;4e i^ called lu'iuiic. the adult stage is if^Jitbic, the old age 
«)! -^inile stage of development is cwWc^X ^^croiitic, with a de- 
(.liiniiL^, catabatic, and an Jiypostropliic or ataxic substage. 
l).iilui- ])r()p()sed the a])plication of these terms to the tem- 
jw.i.il ^taius in individual dex'elopment by the addition of the 
|)i rfi\ ;-'/r'/-/'//^>- -thus viorplu'f^Jh'bic — to denote the characteristics 
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■c adult ; and ihe prefix pkyl — ^thus fhyUphthie — to denote 
laractcri sties of adulthood in racial evolution, assuming, 
llcsc authors do, that races in evoUition have their charac- 
ttic stages corresponding to the stages of development of 
iidividual. There can be no doubt that in the growth of 
VoT^nism thure is this general law of progressive change 
prm and structure with its embryonic, adolescent, adult, 
r senile stages, more or less distinctly marked. To this 
s of progressive morphological cliange observed in the 
of the individual the term ontogenesis has been ap- 

]f« 8ii«CHsiv« Stages of Fanctionftl Activity seen in Fhylo- 

'■nesit. — A comparison of living forms with fossils arranged 

% in the order of their sequence in the rocks (i.e., chron- 

igically) has led to a belief that races, like individuals, 

e their beginning, adolescence, maturity, and old age. and 

e term fhyhgemsis was suggested by Harckel to express 

I idea. The fact must be emphasized, however, that in 

i£ndual development there 1s a change of function associ- 

dwith the several stages of ontogenesis: while it is diffi- 

E if not impossible to imagine any corresponding change 

■unctioo in the successive representatives of a common race, 

B while there are many analogies between the stages of 

fJcitlopmcnt of ontogenesis and the stages of evolution in 

li< htiti>r>' of organisms (pnylogenesis), great caution is neces- 

:■"> force this theo^^' of correspondence between the 

■'i: stages of functional activity and the order of 

ition of new characters expressed in the phylogc 

■..■ h,--iury of organisms. 

CoDtrait between the Developmental Stages of the Individi 
i',ii the SaocessiDD of Species. — The two series of phenomi 
pmcat thi-i marked contrast, that in the one (ontogenesh 
b particular phase of development is a repetition of phC' 
1 which have been repeated in the same way from the 
E of organic life; in the other (phylogenesis) each 
( a step in adv.incc of anything that h.is occurred 
he series is a single progressive series, with modifica- 
nith no cycles of repetition. De- 
'^'ith each individual oT^u,\\\«n\. 
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Evolution was already progressing as far back as we can find 
fossils, and appears to be going on still. Organic develop- 
ment repeats itself over and over and over again, producing 
cycles of changes, each one of which constitutes the life-history 
of an individual organism, each cycle with almost impercepti- 
ble variations, the same from generation to generation in each 
series; but organic evolution, although it is by slow pro- 
cesses, constitutes a continuous series ; there are no repetitions 
in the series. Looked at from the point of view of our knowl- 
edi^e, the series had a beginning, and the evolution has been 
continuous since the beginning, and is not stopped to-day. 

lUit the evolution has been an evolution entirely of form 
and function, not of substance. The same substance, that is, 
matter, has been used over and over again: the materials 
have j)reserved the same chemical and physical properties, 
hi'.ve been tem{)orarily built up to form new combinations, 
iiave taken organic form, have performed their function, have 
died and ^^one back to their simple condition again. As far 
as can be ascertained, no change has taken place in the nature 
of nialter; what it is to-day matter has been as far back in 
time as science can penetrate. 

Evolution an Organic Process, and not Applicable to Inorganic 
Things. -Thus we reach the undeniable conclusion that or- 
L^anisnis, which fossils represent, are something unique and 
distinct from other thin<:;s in nature. The physical constitu- 
tion of matter [)resents no evolution. What it is, it was back 
into the mists of eternity. Chemical properties of matter 
otfer no law of evolution. We interpret the chemistry of the 
>uii, or the most distant stars, by the same tests we use in 
our woikin^ laboratories upon the things about us. The 
crystalline j)r(^perties of minerals offer no evolution: the 
an-'Us of a ciuartz crvstal and the svstem of its crvstallization 
in thr Archa-an granite are precisely those exhibited by quartz 
cr\'-t;illi/in^ at the |)resent day. 

Fossils furnish the Direct Evidence of Evolution. — Fossils first 
rxhihit to us true evolution; and this i.'vohilion. which we 
rt c«)<^;ni/e as an orderly secjuence or progress of events, be- 
comes the fundamental characteristic of organisms, and is an 
e•^sLntial peculiarity of organic activity. Fossils not only 
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icnt organisms, but fossils alone record for us and reveal 
bs the actual laws of organic evolution. But the paleon- 
igist has ever to bear in mind that he has only the records, 
I the living organism, for study; and he has to look to the 
llogy and botany of living organisms for the interpreta- 
1 o( his records. 

UTing Organitnu Earnish Direct Eridence of ParpoBefal Devel- 
— The zoologist finds the organism to be essentially a 
khine accomplishing a multitude of acts, which he calls 
ctions, because everj- act of the organism appears to be 
9cful, the end seems to be more essential than the 
ins, and the oiganism grows to be a complex structure, 
li a variable number of parts, each constructed with adap- 
(o the function to be performed. This is what is 
Bind upon analysis of the living individual; the organism is 
ttJy active, performing its functions, and building or con- 
ning parts for the fuller performance of those functii 
^(or periormancc of other functions. As the indi^ 
inism is seen in activity, the changes it undcrgoi 
tntcally its development, is seen to be definitely 
eTul. 

I When it is compared with other organisms it is looking 
iward to distinct functions to be performed in the future, 
d when we look backward along the course of its dcvelop- 
tni wc sec it arising in the midst of a perfected individual 
Rile itself, and it imitates in its development the very steps 
■ken by this earlier organism. Because of this imitation, 
>.cau*c of a repetition of what was before, wc assume this 
[icc-itral model to have determined the particular form, and 
.fiction too, of the newly arising individual. In all this 
-:udy wc find the living oi^anism to be incessantly changing. 
If Wc make histological examinations we find everj- particle 
ingt but relative integrity and solidarity of some of the 
■ which perform definite functions is preserved. These 
s arc called oi^ans. These organs are the parts of tbe 
Jncry with which the individual works. The active, 
; iodividual is thus between two forces. The ancestiy 
t determines its development, but the conditions into 
t comes determine It from before, and the product b 
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the resultant of these two forces, an 
workinfj together. 

The soft, active organs are the chief parts of study for th 
zoologist ; they best express the stages of ontogenetic dcvcE 
opment, but the characters of the hard parts best record tin 
phylogenetic evolution. So long as there is plasticity in tin 
characters themselves there is possible adjustment, but wha 
we find a rigid resisting body formed, it expresses a perms 
ncnt step taken in the evolution and established. 

FosbIIs and Geological Biology.— Geological biology treatst 
the organism as a unit, with its relations to its ancestors, t 
its race, to time, and to environment; zoological biolog 
treats each organism as a complex bundle of organs wit 
their numerous functions adjusted together, but ever distil 
guished by their specific histological and anatomical peculiar 
ties. The zoologist studies organs and functions as they ai 
combined in the individual organism; the pak-ontologit 
studies varieties and species as they arc combined to make u 
faunas and races, and as adjusted to the varj'ing conditions 1 
time and place. In studying a fossil he asks, not only an 
not chiefly, what place has it in systematic classification ? b( 
how is it related to what has gone before, and what U \ 
ancestry? and how is the organism related to what follow 
or of what is it prophetic? 

These questions lead us to seek such characters as w. 
indicate, first, genctk affinities and, second, i-ffccts of ,nvira 
iiu-nt. 

Hard Parti expresB both SeUtion to jEnTironineDt va& Belati 

to Ancestry. — For these purposes the hard parts arc of t 

greatest value, and why? The hard parts are such as Icct! 

organs of offence and defence, as horns, hoofs, spines, scaU 

shells; and skeletons, external and internal. Theyrepresei 

not the active .vital part of the animal, but some part bu 

up between the living animal and nature; hence they ha 

an outer and an inner surface, the outer suftcts dcgradatt 

with use; the inner expresses the form assumed by the .11 

^B|l in the natural function of animal growth. Fossils i 

^^^vresuit of growth, and hence express the final morpt 

^^^nl result of the living individual. As hard parts ti 
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is the efTccts of struggle with environment more z 

than do any others, for it is with the hard parts thj 
nimal has met environment, struggled with and resists 
ence, fessih, so imperfect as evidence of the ana/omiei 

\re of thf organisms, are the best of evidence of the effA 
interaction between the forces of ancestry, worktm 

k the laws of gem-ration tending to repeat the arnestn 
tters, and the forces of the environment working throt^ 
ti-s of struggle for existence in modifying those charaete* 
iuslment. 

Bda of Hard Parts of the Animal Kingdom preserved as Foj 
■As we deal, then, with the hard parts only, a few wo 

e said regarding the kind of hard parts which are foun 
ft several classes of the Animal Kingdom. 
fc glance over the Animal Kingdom and see that thei 

rge groups of animaU now living, which, if they \ 
id every advantage were ofTcrcd for their preservation i 
natural habitat, would leave no trace of their cxistcng 
rafter their death. It is important, therefore, to lca( 

: outset to what extent the paleontological record s 
and silent because of impossibility of preservation of t 

tee. 

iteiea. — Among the lowest group of animals, the s 

sm Protozoa, the Gregarinida:, found mainly withi 

animah, would be absent because ihey fonn no hai 

nor framework which couM be preserved. 

mottg the Rhizopoda, differing from the former cla: 
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kmnvii. do not develop any structure which would be Ulcck 
ti* osc.ipi; disintegration and resolution in the ordinary- process 
oi fossilization. But the other two orders of the class, fors- 
"::i:!/.-r,i. KiuHolaria, develop hard skeletons of lime or silica, 
.111.1 i;ri\ii numbers of them are preserved in a fossil state 
rh( Iniii.-ioria la higher class than the others, in the possosk'ii 
oi i;;.<i!tli ,iiid vibratilc or contractile cilia) are not known to 
'■\i>t ill .1 fossil state, though now abundant under proper 
i.'nd::i.';is, and though most probably they lived in like con- 
il;;:.'V.> iMck !o (.Mrliest geologic time. Figures 10, 11. 
Ccpleuteratft. — Of the Ccclenterata the classes Spongia anJ 




r.l ,Mrl., 



l.ii.vn 

>■ hi-tM, 
V.T. (."..I 

..litcs t, 



ytcs I Ilydrozoa) are rtpre- 
u' Anthozna h;ivc families 
U." whicrh are preserved in 
ill iM.li Mi,i, I- tlurc aiv Munc f.inHlics not devil- 
\i> skil.iiinv. Iu'11,1' n.'t [irvsiTVi'd; and in the 
.-~i M\.r,il onUis ,inii .i k-K\ \\\\,Ac subclasses 
.iriil.i-. Si[ih<inc.]ilii>r.i. v\<:.\ aw of such a nature 
n- ill an\- i;ci.loi;io rvo>r<l. ;md ihen-forc iu so 
V of tht- ("ii-li-ntLTal.i is ni-ccssarily imperfect. 
.lis are among tlu- most abiimlant fossils, and 
ulated probably to the llydroid I'olyps, or 
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^^^Butaridie) are also abundant in a few zones in the Pali 
^^Brocks. Figures 12, 13, 14. 
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Echinodermftta were represented in fossil form, developing 
"^;nc hard parts in each order, viz. : Crinoidea, Blastoidea, 
* .'stidca. Ophiuroidca, Asteroidea, Echinoidea, and even the 
i'tothurioidca probably recognized in the spiculaj. The 
^'jiecida (parasitic worms, whether grouped with the Echi 
'Icrmata, or with annelids under Vermes) are all soft, and dov.i 
lot come within the province of the paleontologist. Fi 

Vermw. — Among the Vermes (the leeches, earthworms, 

■lid sea-worms) there are some which produce earthy cases 

'i mud, others have left their tracks where they bored 

'■ifaugh the tenacious mud ; also teeth h,ive been found, sup- 

: ^ to belong to this group. (See Scrpula, Spirorbis, etc.) 

■'iill, these are rare fossils, and probably represent but very 

■iperlectly the worms living in ancient seas. Figure 20. 

Arthropoil*.— Of the Arthropoda, including ail Iliose ani- 

ll composed of definite segments arranged longitudinally, 

t behind tlic other, and the locomotor appendages of which 

^jointed or articulated to the body, wc have four great 

Crustacea, Arachnida, Myriapoda, Insccta. All of 

e prcKlucc a more or less enduring, homy or calcareous crust 

( within which the soft parts are contained, making the 
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^fossjiii—jjiAi/: x.in-KE .ixd f.vrEUPKE-rAr/ox. I05 
i-iibility of fossil remains. liiit, except in the case of 




.[-^ wiih two double row* o( pom sad inuill >] 
I ret. B. niBiinii Kflan wUh the anal opening In 

.1, S iS/l'iri/i> em/AaMti Gl. DcvMiiio. 

Crustacea, it will be observed ^^ ,j 

ihat the animals belonging to 

■'■■■>■■■<: cla-sses live mainly on land 

i'l in the air, and when wc bear 

< mind that fossilization is a 

"iccss usually requiring water 
r ihc preparation of the matrtx 

sind, mud, gravel, etc.), and for 
iJie covering of the body with j. 
<lir material when prepared, it is 
evident that all land and aerial 
inimals. although possessing 
parts capable of fossilization, 
»nd living in abundance, run 
ver^* small chance of being 

'' .jnd in the deposits made 

I I'lcr water, in which fossils are y,n,„_Anhi 
.'tily preserved, Hence Crus- :^t*;:;;;hVri.i=M i r = u.™ : 

■ i^i--a. being water animals, are lXt^,n''°'ih"Vh-"i' ".^'1'' 

[reserved as fossils in con- I ' 

«Jerablc numbers, while the '.'. ' 

f'lhcr classes of Arthropoda, J, , 

'lut if, insects, spiders, and ?"""""■ ' '^- 

Myriapods, although occasionally found, are rare, and 
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abl>- roprcscnt in only the most meagre way the foims b( I 
tho:>e classes which lived in past ^es. Figures 21, 22. 




Hi>lluBCO)deB. — TIk- MnlhiscinJiM. inchidiiig the Polyzoa 
iti.l iIk' t5r.n.hiop..i!.i. is a yn>iii> .if much interest to the Pal- 
■.■ii:>.l..-i>t. The Ilr.K-hi..i>.uls nre well preserved, and are. 
■iiliai'^. fri'iii llie p.iiiil of vieiv <>f the seieiilific p;Ueontnl.i- 
.■-i. ih.- nii'st iiiipoii.iiit i;rinip uf .mini.iU he is able to study, 
'l' llieir liistmy, the reonl is nmre complete, the condition, 
1-. .1 ulio'e. more perfectly preserved, the missing' links fewer. 
li,.:i f.T .my other ^miip. 'I'liey have heen studied more 
!i..riiii^lily, are of ;;reater v.due as niarkint; jjeoln^ical huri- 
..n<. prohahly. than .my other. They develop a chitunous 
.r ealcireous bivalved shell, the external and internal form of 



I. and the intimate structure of the shell substance, ; 
rally well preserved. Figures 23, 34. 
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bhAHTiIt. 'tiikhIcT "-. 'l. Af»/l'bill'juruCi«. '/?, A, Hnrh^pml. 
In/a rrUn/arit L. hi. I'evuniiin. P. tur(»M vI«m of brachUI vulv.. S. 
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= •pins ir ipltal cuili of ihe Imcbldli 
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fXsiliuea. — (?)f the true MollusWs, all the four c:las3*cs. 

mellibranchiata. Gastropoda, Ptcropoda, Cephalopoda. 

ruct. in most of their genera, calcareous or horny shells, 

mal or intertial, which arc preserved, more or less per- 

Ifr in It (ossi) state. Gastropods and Lamellibranchiates 

; older rocks arc very apt to be in the condition •,{ im- 

I and moulds, the substance uf the sh<-ll 

carried away; thin is also the case 



I 



families of ihi; other two classes, so thai very much is want- 
ing to 3 complete record of thtst; classes. Fibres 25, :'5, 2". 



Fig. n. rut. !«. 



|- rta, ]6. Juuiropoil. ^,r.tf*Miiaf.i.»iiitBiaiid\>. Tmuir 
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Tertebrata. — Of this branch there is scarcely an order th 
I docs not dcvuJop hard parts of somt kind, which might I 
1 preserved in ftissil condition under favorable cinrumstanccs 
I Among the lowest orders (Liuicclot, Hu)>-fi!i]i, Lamprtyg 
Ithere is nothing tikcly tA be preserved, except nmal) Iceth 
I In the cartilaginous fishes teeth Jtre tile main parts of i<u( 
Ificient hardness to resist decay and disinie{{ruion. (vhilc tbi 
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scales of other fishes arc hard and enduring if well 
;d under water, but are easily destroyed if left exposed in 
with the atmosphere for a long 
So again, while many fish and 
and a few mammals are in- 
litaiits of the ocean, birds and most 
.Tiimmals and many reptiles arc in- 
:..l>ilants of land, and many fish and 
r< juilcs are frcsh-watcr species only. 
Again, the remains of Vertebrates arc 
P subject to the destructive agency of 
lower animals and of themselves, so 
; i lit it is not to be supposed that under 
most favorable natural conditions 
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Fig, ».— Vciltbrale, Amphibliui. 

CmlD, A youne torm Itt. rra- 
tHliCnUmi). ^riMW. « =. 
coracuid; /=fcmi)r:/ = fibu. 




iiything mnre than the most meagre representation of the 
■- rtcbrate Hfe of the world would be preserved in fossil con- 
ation, and of those preserved, the more abundant would be 
olilcs fishes, and larger mammals, with a few birds. (Fig-. 
r'._-. 38-ja.) 

Looking over the Animal Kingdom, in this general way, 
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we find a few classes among the several subkingdoms, produc- 
ing parts which could be preserved as fossils, but there are 
reasons why even these are not present in abundance except 
for a very few orders ; the rest may be represented by here 
and there a specimen, but only rarely, and any conclusions 
drawn from their study will be conjectural to the extreme. 
In the study of the laws of organic history it becomes neces- 
sarv', therefore, to make judicious selection of those classes of 
organisms whose records are sufficiently abundant and con- 
tinuous to furnish the desired evidence. 

Summary. — To summarize: When we study fossils in their 
simple physical aspect, as mathematical forms in the rocks, 
we find them presenting an orderly arrangement of sequence, 
one after the other, in strict chronological order. When 
classified by their likeness to each other into groups to form 
natural species and genera, and when separated from each 
other by their points of difference to form separate families, 
orders, and classes, we find that there is the closest relation- 
ship existing between the form they assume and the periods 
of time when they lived. Taking a single suborder of the 
Ccelenterata (the stony corals, or Madreporaria, with 448 
known genera), of which fossil remains arc found all the way 
along, from the earliest fossil-bearing rocks to the sca-shorcs 
of our modern ocean, we find all the genera relatively short- 
lived, rarely exceeding the period of two systems in length of 
duration, and the genera most nearly allied to each other in 
form are always found in the systems chronologically nearer 
to each other; and uniting the similar genera into families, 
the families presenting greater contrast arc found farther sepa- 
rated chronologically from each other than from the families 
presenting less strong contrasts. When we carry our study 
further and interpret these fossils as the remains of organisms, 
and say that they represent living organisms, we come face to 
hzQ, with the fundamental law of organisms, that is, the law 
ol change and variation. All organisms have a history-. So 
unchangeable are the physical properties of matter, so invari- 
able are the laws of crystallization of minerals, and so con- 
stant are the chemical properties of substances, that any 
irregularity in any of them at once suggests the m^uewc^ o\. 
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organisms. This fact is apparent to every one, and it i 
new discovery in this age. Naturalists have for cent 
known that animals and plants grew, and have been set 
for some mysterious living property by which to distin 
living form and living matter: they have been exam 
dead organisms, they have described hundreds of thou 
of different organisms, looking always for, and in most 
only grasping, the dead products of life; they have cxar 
the organic mechanism and observed its mode of actio 
the results attained : but it is only recently that, undo 
names development and evolution the fundamental char 
istic of all vital phenomena has become an object of s< 
stiuly and investigation. The morphological relatio 
organisms have been thoroughly studied, but their 
relations have only begun to be scientifically investigate 



CHAPTER VI. 



GRAPHICAL DISTRIBUTION— THE GENERAL RELA- 
i OF ORGANISMS TO THE CONDITIONS OF ENVI- 
RONMENT. 

%ji the last chapter it was shown by an analysis of the 
Factcrs of the genera of Madreporaria — a group of organ- 
: ms well adapted to furnish this evidence (because of their 
ing under the same conditions required for the making of 
■In: strata themselves, and producing hard parts, easily pre- 
mcd from the earliest times onward) — that the form of an 
'fdnism has an intimate relationship to the geological period 
during which it lived. 

The natural conclusion from this observation is that the 
riler of sequence in the appearance of organisms is the ex- 
r't^uioD of a natural law of their succession in time, or that 
' i*a law of nature for organisms to succeed each other in 
■litsobser\'ed geological order, 

V\"c observed that the classification of oi^anisms by their 
'^"'rplio logical characters, as expressed in their arrangement 
■■' the classes, orders, families, and genera of the zoologist, 
sliowj thai this relation of characters to time of appearance is 
expressed in every detail of structure, and the more minute 
<*ur inspection the nuire distinctly is the truth of this princi- 
ple brought to light. 

A s|>ecies or genus has not only a particular relationship 
•" other species or genera, but every genus has a particular 
Iriod in the time-scale when it lived, and a particular dura- 
B of geological time to which its living was hmited, before 
' H ft did not exist, and after which it failed to reappear. 
B illustrates the gener,il law that the partievlar morphohgi- 
\fk»rtuters assumed by an indrAdual organism are itntwdi- 
f rttated to the ancestry wiieA is bekiud it; but if we turn 
P attention to the facts of geographical distribution, we 
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shall find that organisms present as close a relationship to the 
conditions of the environment into which they are born. 

The Importance of the Study of Oeographical Distribution.— 
Geographical Distribution is a subject which no one has studied 
more thoroughly and with keener appreciation than Alfred R. 
Wallace, and a quotation will, in a few words, express the 
importance of the subject. He says: ** So long as each 
species of organism was supposed to have had an independent 
origin, the place it occupied on the earth's surface, or the 
epoch when it first appeared, had little significance. It was, 
indeed, perceived that the organization and constitution of 
each animal or plant must be adapted to the physical condi- 
tions in which it was placed; but this consideration only 
accounted for a few of the broader features of distribution, 
while the great body of the facts, their countless anomalies 
and curious details, remained wholly inexplicable: but the 
theory of evolution and gradual development of organic form' 
by descent and variation (some form of which is now univer 
sally accepted by men of science) completely changes th 
aspect of the (juestion, and invests the facts of distributio 
with special importance." **The time when a group or 
species first appeared, the />/ac'c of its origin, and the area 
now occupies ui)on the earth become essential portions < 
the history of the universe. The course of study, initiate 
and so largely developed by Darwin, has now shown us tl 
marvellous interdependence of every part of nature. N< 
only is each organism necessarily related to and affected I 
all things, living and dead, that surround it, but every deti 
of form and structure, of color, food, and habits, must, it 
now held, have been developed in harmony with, and to 
gre.it extent as a result of, the organic and inorganic enviro 
iiunts. Distribution becomes, therefore, as essential a pa 
(»f the science of life as anatomv or phvsioloixv. It shows u 
as it were, the form and structure of the life of the wor 
M»nsiderecl as one vast organism, and it enables us to compr 
luiul. however imperfectly, the processes of development ai 
variation during past ages which have resulted in the actu 
stale of things. It thus affords one of the best tests of. tl 
truth of our theories of development [evolution] ; because tl 
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intle<i<i facts presented by the distribution of living things, in 
:nt and past time, must be explicable in accordance with 
^ true theory, or. at least, never directly contradict it."* 
I in studying the geographical distribution of organisms 
I understanding of the nature of the conditions of environ- 
Jnt can scarcely be overestimated, 

iTbe Hatarat Conditioni of Environ ment^Vomenclatnre. — 

; various condilionsof environment which modify the 

■wth and life of organisms. Among the chief of these are: 

: (I) medium — air or water; (2) temperature — or climate 

n limits of annual temperature ; (3) in ivater — the depth, the 

|hty, the salinity, the light, the motion; (4) an land — 

tondarily altitude as affecting climate and temperature; (5) 

\t«lfn'r organisms, because all animal life appears to require 

"thcr animal or pUnt oi^anisms for its own food, hence {ja) 

^I'li^g/t- for existence; also (5^) the amount of organic food 

^■Iclcnnincs the growth of higher organisms which require the 

^■fami. Medium and Habitat arc the n.ames applied to the 

^^femediatc conditions in which the organisms live. Province 

^■fc^thc name of the region occupied by a group of organisms 

"hich are naturally adjusted to each other. Zone is the name 

•■' ihc tract of sea-bed between boundaries of depth, variously 

b^Mcmiined. Flora is the name applied to all the plants, 

^^Huially associated and adjusted to the conditions of environ- 

^Hmt, of a particular province or geographical area. Fauna is 

l^ine name c( the group of anim.ils so associated and adjusted. 

Salnral-hirtory PtovinceB.— The primary classification of 

tlie cnnditions of environment as aflLXting organisms is con- 

^Jercd under the terms Terrestrial Hand plants and animals), 

and .\faritie (those living in the ocean). It is found that 

iht pre%ent life of the globe is divided into numerous floras 

■ind faunas, the boundaries of which arc not absolutely fixed, 

r.her in species or in conditions; but the areas are distinct 

m Kome of their features, and the association of organisms 

Kculiar for cich, although some of them may be com- 

1 to neighboring areas. These provinces, both marine 

I jerrestrial. differ in their outlines for diffeieni kinds of 



^*AwM« " Dlrtrlbait.im.'- gh ed. Eiieyclo. Bill., vol. nn. y. aWi^ 
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organisms. To distinguish them they are called Natural- 
history Provinces, We say, for instance, that the natural- 
history province marking the distribution of flowering plants, 
differs in its boundaries from the province marking the dis- 
tribution of fresh-water Mollusca. The reason is apparent 
when we note that the limiting cause of the distribution is 
perhaps temperature and climate in one case, and community 
of fresh-water channels in the other. The boundary^ of the 
water-bed of a great river-system is the limiting cause of the 
distribution of the Mollusca, the conditions of temperature 
and rainfall that of the plants. 

Normal Adaptation to Conditions of Environment. — \Vc have 
spoken of distribution as applied to organisms. This term 
implies that each organism is normally adapted to a certain 
set of conditions, which is called by the general name En- 
virouDicnt, Within limits the individual adjusts itself to 
slight change of the environment, but extreme change of the 
conditions of environment restricts the possible living of the 
particular organism, and for each particular organism the dis- 
tribution is supposed to mark the particular extent of differ- 
ing^ conditions in which it is normally adapted to live. 

Specific Centre of Distribution and Varieties. — TheoreticallV* 
each organism is supposed to be qualified to live under ^ 
certain set of conditions, and to adapt itself to change o^ 
those conditions to a greater or less extent. While geolo^ 
L;ists do not find a species to be determined rigidly by anv^ 
one criterion, general usage applies the name Species to thoscr 
plants or animals which possess common morphological char- 
acters, and are confined in their distribution to one natural- 
hi>t«ny j)rovince (but taking this as a general definition, ex- 
cept ions are recognized in the case of species distributed over 
two or many provinces). Practically, too, each species ap- 
})e.irs to ha\e a centre of distributiou, at which point (or 
sprcit'ic centre) the combination of environing conditions are 
tlu more favorable; the species may be distributed from this 
centre, but it is not so abundant outside, and is often seen to 
j)rc>ent slight differences of form. size, color, or minor differ- 
ences on the outskirts of the province of its distribution. 
These differences from the typical form at the centre consti- 
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bwhat arc called V'arielifs of the species. The conditions 

MVironment existing at a specific centre, or metropolis of 

wrics, as Forbes called it, constitute the normal habitat 

il species. The particular morphological and structural 

ic(crs which the species express are called its typical 

characters. The modifications from these typical 

icters which arc seen in representatives of the species 

borders of its specific distribution are its varietal 



prov^^H 



B DistinctneM of the Flora and Fauna of Distinct Frovi: 

: species associated together in a natural-historj" 

rc the_/?frrt and fauna of that province, and as generally 

|hed, not over one half of the species of two distinct prov- 

X are identical; or, to put it in the converse form, about 

^^M the species of any province are distinct, or peculiar to 

■ 111 province. Such a rule is purely arbitrary, and will vary 

^fially as applied by different naturalists, but such a general 

. applied in the distinguishment of the provinces of 

irine species. 

The Tarioos Clasuficationi of ITatural-history Frovincei, — In 

! dassificalion of provinces in Woodward's "Manual of 

tollusca" wc find eighteen such marine provinces recognized, 

' '"ff the land regions are defined under twenty-seven names. 

^datcr (1 1(57) defined six terrestrial regions, which were aftcr- 

' mis adopted by Wallace 1 1876)* and subdivided intolwcnty- 

nr sub-regions. Fischer (1887) combined and extended the 

' rmcr classification, and defined thirty regions distributed in 

c following seven tones, viz. ; Palcarctic, African paleo- 

"'■j>icnl. Eastern paleotropical, Australian, Neantarctic, Neo- 

"opical. Nearctic. Each of these regions is again subdivided 

,10 Mib-rcgions with their special faunas; as. for example, the 

Itfiuti Circameditcrranean is the second of the Falearctic 

ions; this is subdivided into the sub-regions (a) occidental 

Atlantic, {/>) Meridional or Mediterranean (with the four 

Hispano-Uarbaresquc, Kgypto-Syrienne, Hellado- 

Uolique, and I lalo- Ualmate). (c) Centralc or Pontique, 

JOrieniale or Cospiquc.t 
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Marine Orgmnisms Particularly Important to the Paleontol 
— Because of the fact that presen'ation of fossils is al 
entirely dependent upon the covering by water of the rei 
preser\ed. the questions of distribution and environme 
chief interest to the paleontologists are those of marine 
fresh waters. 

Haeckers Classification of the Karine Conditions of I 
Walt her, in his " Bionomy of the Sea," presents a clas; 
tion of organisms according to their bionomic charact 
follows: The sum of the marine faunas and floras is ( 
Halobios, corresponding to them the fresh-water life is « 
Limnobios, and the land oi^nisms receive the name Gee 
The Halobios, or marine organisms, are further cla^ 
into (i) Benthos — those animals and plants living oi 
sea-bottom, distinguished further as {a) sessile, [B) v 
W I littoral, and yd^ abyssal Benthos: (2) Nekton, or the 1 
open sea. with strong powers of active locomotion; ar 
Plankton, the more or less passive life of open seas. Hi 
(from whom Walther adopts the nomenclature) further 
divides the IMankton. or open-sea life, into the foUowin 
groups: Tl)o ncritic Plankton includes the swimming 
and fauna of the coast regions of continents, archipe 
and islands: the oceanic Plankton includes the swin 
flora and fauna whose habitat is the open ocean ; the p 
Plankton inhabits the ocean surface and approximatel 
metres below ; the bathvbic Plankton inhabits the water^^ 
the bottom for about lOO metres up. and between the 
two lives the /.onaric Plankton.* 

Walthers Further Analysis of Conditions of EnTironm 
Walther has amassed verv interesting: statistics to sho 
particular influence upon ^.iistribution ^^^i the various < 
tioMs (»t lii^ht, K^{ temperature, ot salinity, of tides and v 
of currents and iK'ean circulation, and has classihed the 
and faunas of the seas in relation to these conditions. 

The flora k^{ the shores. litti>ral flora, are divided int< 
of the (n dune and sand-j>lain zone. \^J) flora of coast 1 
(;) of the mud zi>ne. (4) the sand-plants flora. Four dif 

*W.»llhcr. ** Kinlcilung in die Gcoli»i;ic als hiMoiische Wisst-nscl 
Theil. Bionomie des Mecrcs." 1S73, pages 10-22; also llaeckcl. ** Pi, 
studicn." Jena, 1S90, page iS, etc. 
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Ic3 of coast vegetation are fxrcognized in the tropics by 
kmpcr: the Pescapr.v formation, the Barringtonia forma- 

, the Nipa formation, and the Mangrove formation. 

|Thc fauna of the coast is al:^o determined in its composi- 

I by the conditions of the shore itself, and thus we find 

difFcrcnt kinds o( animals associated with the rock beach, the 

.-.vider beach, the pebble beach, the sand beach, and the 

1 ud beach. 

L'ndcr the sea surface downward a number of zones have 
!'-cn distinguished, defined most easily by their depth, which 
; -rtcnt strong contrast in their faunas. We owe it to Ed- 
"ird Forbes that we have a nomenclature for these zones of 
1 ■iHh- The divisions made by him are the littoral zone, the 
.'iiiinarian, coralline, and the deep-sea zones : the latter, as the 
:'>ult of deep-sea dredgings. has been divided into the zone 
tidcep-sca corals, or brachiopod zone, and the abyssal zone. 
In a Report of investigations made upon the faunas of the 
Boff the New England coast, Professors Verrill and Smith 
d it to be a fact " that there are in the waters of this rc- 
n three quite distinct assemblages of animal life, which arc 
idcnl upon and limited by definite physical conditions 
ithe waters which they inhabit."* These are ilescribed 
'itiderthe following divisions, viz.: 

1. The fauna of bays and sounds; 

2. The fauna of the csluaries and other brackish wat 

3. The fauna of the cold waters of the ocean shore: 
"U!cr banks and channels. 

This classification of environments is not bathymctric, but 
chiefly on the basis of temperature and purity of the waters. 
■It IK altogether probable that every kind of difference in 
I environment, which could be described as beneficial or 
: to the vital functions of organisms, is also rc] 
I b>' greater or less adaptation of the organixatiotli 
pt fay the favorable conditions or to avoid the evil cJfi 
tho»e which arc unfavorable. 
n«lfttl0M of OrganisniB to Time and to Environment Equally 
mt. — When we consider alone the historical relations 

■I Stales Pish Cammitsroii. - Rcpon Upon itw Imrcnebme Aninab 
d and Adjoccni Waien," p. 5. etc 
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of the organisms, as expressed in their geological sequence, 
the order of the phenomena appears like a mere unfolding; of 
successive phases of organic life upon the globe, each phase 
preparing the way for the next ; and had we no preconcep- 
tions, I think this evolution would seem to be the most 
natural thing in the world. 

Gradual modification with each step of generation would 
be found in each case the sufficient explanation and cause of 
that which followed. 

But when it is observed that each living organism is 
clostly adjusted to a particular set of environmental condi- 
tions, and that specific organic form and specific conditions 
arc closely co-ordinate factors, the question as to the influence 
exerted by environment upon the organism becomes a prob- 
lem of equal importance. 

An Explanation required for Succession of Species as well as for 
Adjustment of Species. — The study of the relations of organisms 
to j^colo^ical time and to geographical space first brings out 
the simple fact that differentiation of organic form is actually 
related to both. There is an adjustment of the organism to 
each of the phenomena, time-succession and place-extension. 
If \vc turn from this simple statement of fact to seek for some 
reason why or<^anisms differ in form, and why one organism 
has one form and another or<;anism of another time and place 
differs from it, then there appears back of geological succes- 
sion and of geographical distribution an element of causation. 
There are conditions in the succession and in the distribution 
which we may suppose have been the cause, or at least the 
occ.ision, of the changes of form exhibited by the organism. 

Evolution and Adaptation both observed Facts. — We have 
ahe.uly remarked that the examination of a series of forms in 
the r(»eks shows the modification and chans/e in their form to 
he e«»-t)rdinate with progress of time, and on following them 
from the lowest rocks upward throui;h the geological column 
to the present, each series ends in recognized living organisms; 
hencc" we conclude that it is a characteristic of organisms to 
j)ciss throui^h continuous change in time. This process of 
ehan^^MUg morphological characters, expressed in the history 
of oiLianisms, is called Evolution, 



GEOGRAPHICAL DISTRIBUTIO.V. 

J Second, organisms now living are so distributed in relation 
I the conditions of environment that we are led to recognize 
s general law; that the morphological characters of < 

in some way associated with or related to the pbj 

ironment in which they live. 

J AncMtry &nd EnTiroament aa Caates of ETolntton. — Tims, by 

bking only at the superficial relation of oryanisni-i, i.e. 

fcse which may be expressed in number and ratio, ml- find 

Bcfinite relationship existing between organic form (nior- 

plogy) and both geological time and physical conditions on 

B earth's surface. Wc may express the relationship by the 

pposition, that the morphological characters of any partictt- 

f organism hai'c come to be ivhat tlicy arc through the opcra- 

r of txifo sets of conditions : first, the organic eonditiotis 

-..'hick were antteedcttt to the appearance of the given organism; 

:nd, sttondty, the external physical conditions into which it •n.'as 

' i'rH. The first set of conditions is expressed by the general 

■■-nn Ancestry, and the second by the term Eiiviroiimciit. 

Differences of Opinion respecting Interpretations not Facts. — 
-^■1 long as wc confine our attention to the simple relationship 
\iftting between organic structure and the passage of time or 
iie varying conditions of environment, we have touched only 
:iie fundamental facts of the real problem before us. 

The scries of correlated phenomena arc as they arc, what- 
<.\ er be our interpretation of them. The reason for first care- 
fully spreading out the facts themselves is in order to show 
lat they are not invented by any theory, that they exist 
idcpcndently of any preconceived view, and that the diffcr- 
fccs in opinions regarding thi;m are not matters of observa- 

. but arc matters of philosopliy- 

' lotrodnetlon of Cansation into the Biscassion, — And here we 

ducc a new clement into the discussion. We assume 

ause and efTccI are involved in their relationship. Wc 

; that in the court^c of time the or^nisms which went 

t must bear the relation of determining cause to those 

iw, and that in physiail space or environment, the 

S of geographical locfdily are a detennining cause in 

! qiecicf adjusted lo particular natural -history* 
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Ancestry and Environment in Belation to the Beginning of Each 
Individual. — From this point of view we recognize two classes 
of phenomena which are all-important factors in determining 
tlie particular fomi and structure of ever>'' organism, and the 
fundamental difference between the two groups is found in 
the relation they bear to the beginning of the development of 
cacli individual. The one set of conditions have exerted their 
erYovt when the first germ of the new individual arises, and 
to them is applied the general nz^vcut Ancestry, The other set 
lHi;in to intluence the individual only after development has 
1h L;un. and to this set of conditions the general term Environ- 
•V. V.' is applied. Evolution is the name given to the results. 
\\\ ^truv'iure and function of organisms, which are traced to 
AuvH -^iiy and Knvironment as determining causes. 

It w troni this philosophical point of view that the follow- 
iui; d.rmitions become appropriate: 

Dotinitiou of the Terms ** Ancestry** and '' Conditions of Environ- 
ment/' ./wr.xV'i. as defined in the Century' Dictionary', is 
" \\\k -viiesot ancestors, or ancestral types, through which an 
I'l-av.i. V vl 1h ini; may have come to be what it is in the process 
ot 1 .\ v^luiivMi :*' .uul in the same work the term rf;//^////Vv/j <»/' 
, v. .'.•.•'.. •;/ i>: donned as **the sum of the agencies and 
intliiciuv-^ wiueii atteet an ori^anism from without; the 
t»^ialit\ *M liie extrinsic conditioning to which an organism is 
^nhuou il. a< opposed to its own intrinsic forces, and there- 
to! r .In nuulitxini^ its inherent tendencies, and as a factor in 
driviiniiiinL; the final result of organization. It is an expres- 
Mon miKh useil in connection with modern theories of evolu- 
tion in rxplainini; that .it a L^iven moment a given organism 
In thr ir^ultant of both intrin>ic and extrinsic forces, the latter 
I) 111' its conditions kA environment and the former its in- 
linitrvl conditions.""^" Ancestry and l^nvironment are, in 
ilu ah^liact, names for these intrinsic and extrinsic factors of 

r\ olulinn. 

It w r examine onl\- the j)aleontological series, we might 
c >iuliiiU- that the course of evolution was determined entirelv 
1)\' the first set of conditions, Ancestrv : and, on the other 

* Century Diciion.iry, vol. i. pp. 201 and 958. 
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hand, if we look alone to the relations of organisms to envi« 
ronment, this set of conditions appears sufficient to account 
for the course of evolution, because in both cases we find 
adjustment of morphological character to the conditions pre- 
existing at the beginning of each individual life. 

Two Factors Producing the Effects of Evolntion. — Assuming 
these definitions to be formulations of the truth in the case 
to such a degree of accuracy that they may be adopted as 
working hypotheses, the next step in our analysis is to ascer- 
tain what part each of these factors plays in bringing about 
differentiation of organic form and structure. 

Three Views Possible. — There is practically but one of three 
opinions to take in the matter: either (i) the differences ob- 
served among organisms are accounted for entirely by ances- 
tr>' — that is, the potency of all organic differentiation and 
evolution is found in the ancestry at any particular moment 
of the process; or (2) environment is the efficient factor in 
bringing about all modification of organic structure; or (3) the 
actual course of evolution as it takes place is the resultant of 
the co-operation and antagonistic action of both factors. 

The extreme old school (of Cuvicr, for instance) adopted 
the first opinion, the extreme natural selection or Darwinian 
school holds substantially the second view. It is believed by 
the author that the truth will be found in the third position. 

First Cause of some sort Essential to any complete Theory of 
Evolution. — The discussion of evolution has for the past fifty 
years chiefly centred about the theory of the origination of 
species. Ancestry, in the general sense here used, includes 
•^H the antecedent intrinsic conditions of an individual life. 
^Hen we analyze the theories to their ultimate essence the 
h^eat contrast between Creationism and Evolutionism does 
lot lie in the fact that the one acknowledges God to be the 
first cause or ultimate ancestor of every living thing, while 
the other, in magnifying the agency of the environment in 
controlling the origin of species, denies all first cause : for, in 
both cases, some pre-existing power or potency that is quite 
i'odlike must be assumed as the necessary antecedent to the 
phenomenal appearance of organisms in all their variety upon 
he earth. 
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Edward Forbes on Orig^ of Species and Centres of CreatioiL 
— When vvc ask how did species arise, we find two dom- 
inant opinions have existed regarding the nature of the 
antecedent condition immediately preceding the individual 
or<^anism in each case. According to the first view, im- 
mediate physical ancestry has explained only the repetition 
and perpetuation of its own morphological characters, and the 
origin of any particular combination of such morphological 
characters was not accounted for, except through the agency 
of a primitive first cause. The sequence of organisms in 
paleontology was clearly recognized by naturalists at the be- 
^inninj^ of the centur}^ but neither ancestry nor environment 
was deemed competent to explain anything but what were 
called varietal modifications of species. It was this idea that 
was in the mind of Edward Forbes* when he described a 
natural-history province to be '*an area within which there 
is evidence of the special manifestations of the creative power; 
that is to say, within which there have been called into being 
the orii^inal or protoplasts of animals or plants.** And again 
he says : '* The diffusion of the individuals of the characteristic 
species of a province is found to indicate that the manifesta- 
tion of the creative energy has not been equal in all parts of 
the area, but that in some portion of it, and that usually more 
or less central, the genesis of new beings has been more in- 
tensel}' exerted than elsewhere." This notion led to the use 
of the terms centres of creation di\\i\ specific centres^ at which 
the species was supposed to have originated, and from which 
it was distributed, or migrated in the course of time. 

Reality of Specific Centres Not Questioned; the Fact Varionsly 
Interpreted. — It is a well-known fact, and one that Forbes 
clearly understood, that each natural-history province is such 
a sj)eciric centre for rareh' more than one species of each 
i^enu^ of its fauna; or. in other words, each well-defined 
>pccies is typically developed in some such sj)ecific centre and 
<li^trii)uted within such a natural-histor}* province. The 
sj)rciric centre may not be geographic. Geography, in gen- 
eral, is the most commonlv observed criterion of distribution 
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i Dt^anisms, but in the case of insects the root and leaf of 
be same Irte present greater contrasts in conditions of en- 
Ironment than two trees of the same species a thousand miles 
part. Geographical distribution, and other terms associated 
Stli it, have reference fundamentally to conditions of environ- 
ment, whether the distribution is on geographical or other 

ncs. 

Kepretentative Speciet, Common Deuent, and Migration of 
■hIm.— Similar species of the genus in other provinces were 
ulcd rfprfsiittathif species by Forbes. Another idea, in- 
pdcd in this hypothesis, was that all the individuals of a 
^cics had a common descetit. The idea of common descent 
as associated with the definition of species, and when the 
Hnc species was recognized in two distinct provinces, the fact 
BA explained by the theory- of diffusion, or migration of species; 
sd in defence of the theory of the specific centres Forbes held 
bat provinces, to be understood, must be traced back, like 
^cdcs, to their history and origin in past time; and again, 
lut "species have a definite existence, and a centralization in 
toktgical time as well as in geographical space, and that no 
^•cies is ri-pcatcd in time." 

\ Darwin did not deny the Facts, but explained them differently 
MB F«rl>ef. — Darwin, who gave a different interpretation of 
be facts, recognized the truth of the proposition set forth by 
'orbes. In his famous "Origin of Species" he says (in reply 
> the question "whether species have been created at one or 
lore points of the earth's surface," and after some discussion 
I the topic) : ■' Hence, it secins to me, as it has to many of 
1^ naluralists, that the view of each species having been pro- 
Deed in one area alone, and having subsequently migrated 
pm that area as far as its power of migration and subsistence 
pder p.ost and present conditions permitted, is the most 
bobablc." 

I Forbw' ExpUmation of the Origin of Speciet. — In Forbes' no- 
un of "specific centres" is included the idea that ancestry is 
kiponsible for the "specific characters" of the individual, 
tevery true epcdes presents in its individuals," he says, 
Brtaifi features, specific characters, which distingui.t]i it j 
BID every other species; as if the Creator had act an ex* ] 
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elusive mark or seal on each living type/* And in the dis- 
tribution of fossil as well as living species was seen evidence 
of *' relationship of descent" and of **the derivation from an 
original protoplast.** But descent was supposed by him and 
his school to be without modification; it was the transmission 
without change of the ancestral characters to their offspring. 
Whatever modification might appear was considered an irreg- 
ularity of individual growth, the cause of which was looked 
for in idiosyncrasies of the individual or in accidents of en- 
vironment. Forbes was not ignorant of the paleontologic 
succession of species. Ancestry determined the specific 
characters, but it was supposed to determine their likeness, 
and not their differences. All the evolving of new forms was 
traced to anteccssory causes and conditions, but the immedi- 
ate ancestors, it was believed, were capable of transmitting 
onlv the characters which thcv received from their ancestors. 
There is nothing wrong with ** geographical distribution," or 
** specific centres," or '^specific characters,** as used by the 
older naturalists; the new light has come into the interpreta- 
tion of descent and the nature of species. 

The Meaning of Evolution by Descent. — It is important to dis- 
tini^uish between the names of things and their explanation. 
The term evolution by descent is in this respect faulty, for it 
means both more and less than is intended. More, in that 
the most important factor brought forward in explanation of 
evolution to-day, that of natural selection, is among the 
extrinsic rather than the intrinsic forces, when the conditions 
of environment are strictlv discriminated; while descent, or 
ancestr\', can be applied only to those forces or conditions 
w hich are intrinsic. It exi)resses less than is intended in that 
it is not meant that descent alone determines the steps of 
(■\()luti(»n. 

Distinction between Evolution and Development. — Huxley's 
(Irfinition, "evolution, or development, is, in fact, at present 
einphued in l)ioli\i;y as a general name for the history 'of the 
stej)N by which an\' living being has accjuired the nii.rpho- 
loLMC.il and the physiological characters which distinguish it," 
i> defective in that it includes a definition of both evolution 
.md development. Development of tho individual organism, 
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n the germ to the adult, is a very different thing from the 
^ of the steps by which the same individual acquired 
k differences which distinguish it from other species of the 
: genus, which is the particular meaning of evolution, 
rolution is the process of moiiificatioii of spfdfic characters, 
«i»d development Li the process of formation of individual 
characters. There arc also conditions incident to these proc- 
->ics — conditions which are both outside erf and exist before 
' ich step of these processes. When these conditions arc 
-.'•cntially connected with the preparatory oi^anic functions 
v which the processes are carried on. they are intrinsic, and 
rhey arc defined under the general term ancestry ; when they 
re accidental to the time or place when and where the pro- 
L-sscs arc acting, they are extrinsic, and are called the condi 
: ..ns of environment. 

Inmatability or Unt&bility of Species, — The fundami 
ilTcrence between the old and new schools of naturali: 
■ lund in their opinions regarding the origin of specific difTer- 
nccs: the old school held the doctrine of the immutability of 
ficifs, the new holds the doctrine of the mutability of species. 
I lie result of the change of A'lew has not invalidated the 
ibservations of the earlier naturalists, but it has produced 
complete revolution in the methods of interpretation 
KgStural hi^tor)-. 

V In this conception, defined by Forbes, we see that ami 
^Qte contributions which ancestr>- brings to the actually knou-n 
■ddividual there arc what he called the "specific characters" 
Blllich distinguish it from every other species, and the posses- 
^■Dfl u( these "specific characters " was taken to support the 
Hbtino of derivation from the original protoplast. 
^B Descent was recognized as without modification ; that is, 
Bpie law ot descent was the perpetuation of the ancestral 
H^apeciBc characters" in the offspring. There was in the 
^Bfinition no consideration of the origin of such specific char- 
^Hicrs. Whatever modifications occurred in the offspring 
^Hk defined as irregularities of growth, whose cause was 
^Bated in the idiosyncrasies of the individual, or in what j^ 
^Hovc called environment, but they were not supposed toiflfl 
Hbrpetuatcd. JH 
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This school, which Forbes represents, assigned all x\ 
steps of progress observed in the history of organisms ( 
causes entirely antecedent to each individual's birth. Th 
explanation was confined to ancestry in its abstract sense < 
"antecessor" (as the Latin original has it): all cause c 
changes of a specific rank was entirely antecedent to th 
organic individual expressing them. The fundamental charac 
teristic of this view is found in the doctrine of the " Immutai 
bilily of species." as contra^;ted with the doctrine of •■ niuta 
bilily of species " of the new school. 

UutabiUty of Speciea the Centrsl Thought is the Hew Tbeai] 
flf the Origin of Speciea. — Nothing that has occurred in th( 
present century has so stimulated investigation of the facts oj 
nature, and has so pervaded the whole realm of philosophical 
thought, as that which has centred about this question as ta 
the nature and origin of the organic species. Darwin's 
famous worlt " The Origin of Species," first published in 
November, 1859, struck the key-note of the present age ol 
the science. He clearly announced the opinion that spetin 
arc mutable, and as the whole science of natural history was 
built on the idea of their immutability, a complete readjust- 
ment of the science to the new conception has resulted. 
The importance of a clear conception of the meaning of 
species is thus apparent, and it will be discussed in detail in i 
following chapter. The idea of immutability of species ob- 
structed the way to the clear comprehension of the evolution nf 
organisms, very much as the catastrophe theory of the enduf 
the last century prevented geologists from reaching a clear 
understanding of the agencies and methods by which tlic 
earth reached its present condition. Uniformitarianism 
played much the same rflle for Geology which evolulionismis 
working for the science of Biology. 

Two Extremes of Opinion Begarding the Mode of OrigiB 4 
Specie! by Evolution. — ■Among those to-day who adopt evola- 
tion as the explanation of the mode of origin of the diRerd' 
forms of organisms, there are two e-Ntremes of opinion witJ 
many intermediate compromises. 

All will agree in recognizing ancestry and environment a 
each taking some part in the evolution; but tb« oflrejft 
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chdol, on the one hand, hnlds that awironmrnt is the ( 
iiior dcicnnining the direction and extent of the modifta 
'tton$i which heredity tends to perpetuate, and that ancestt^- 
(j-s only the part of holding and preserving, in its offspring, 
'hat it gets from the agency of environment. 

The other extreme is the opinion that ancestry is the more 
ricit'nt f.ictor in bringing about the evolution; that in what 

caticd •.•ariability there is working out, not a mere acci- 
!(iia] reflex of environment upon the plastic organism, but a 
indamental property or force of organisms, ever tending 
am homogeneity to heterogeneity, and resulting in the 
lecialization of functions and the differentiation of organic 
fucturc always; the line of evolution followed out by any 
irticular race being influenced little by environment,— the 
Ijustments being active and not passive, — the successful 
rganisms seeking and adopting conditions favorable for their 
[pstcncc if out of them, dying out if the conditions favor- 
^e arc not within reach, or if crowded out of them. 
Ffttural selection, to this school of opinion, plays rather an 
Mninating rdle than one of causation, and explains rather 
w there arc gaps in the series of organisms than why the 
Bractcrs assumed in the modified forms are what they are. 
■ this latter view the successive steps of modification of a 
ICC are as much controlliid by the ancestry as are the succes- 
Ve steps of development in the growth of the individual. 

In the former view there is the replacement of the theory 
thnmutability of species by that of the mutability of species, 
j|t the process of reproduction is still looked upon as immut- 
■c, reproducing the characters of the parents in the i>flspring 
■hout change: in the second view reproduction itself takes 
^art in evolution and normally accomplishes modification of 
iraif cither slowly or suddenly, but progressively, and evolu- 
on is an intrinsic law of organism. 

Ad TFnknowii Caou aaiamed to expl&in Origins by both Forbet 
■1 lanarok-^Thc naturalists of Forbes' school, with the 
pidamcntal notion of immutability of species, had no other 
hr to explain the series of successive forms which thoy knew 
■n palcftntological research than to call in the resources of 
^I3t cEUsc; but thc>- were not ignoTai\t of l\vc »:x\». 
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Lamarck, who looked upon species as mutable, still found hi 
ignorance impelling him to use the theory of spontancou 
generation to start his series. However much they maj 
seem to be independent of a first cause, no scientific theory 
even of evolution is complete without recognizing the /('/'(■iwj 
of the things as existing before their appearance. 

ConclniiDni. — It will be apparent now that the dJscussiof 
of the relation of organisms to environment, or gcographica 
distribution, touches the fundamental problems of natura 
history. Forbes was of the Llnnxan school, who with 
Cuvier and all that earlier school of naturalists held to th< 
conception of a species immutable; but his studies of distri 
bution were among the more important agencies in clearing 
the way for the abandonment of that conception of species 
The explanation he gave of the origin of species was thi 
most rational one so long as the species was supposed to b« 
immutable. We often imagine that evolution, which h; 
been made the watchword of the new view, is a newly di 
covered truth ; not so. The processes of evolution have beei 
elaborately investigated by the new school, but evolution 
organisms, in the abstract sense, had been promulgat 
almost from the beginning of philosophy, as already stated. 

Darwin, in his "Origin of Species," frequently, and witi 
apparently no more hesitation than he had (or thi 
species, spoke of Creation; he adopted, too, Forbes' tern 
"Centres of Creation." Haeckel, one of the most radica 
defenders of the new views, entitled one of his most impor 
tant books " The History of Creation."* These illustration 
show that the attempt to explain the process and 
Evolution is quite distinct from the recognition of the fact 
of Evolution, and we may conclude that mutability of organi 
species and the evolution of organisms in geological time ai 
established facts, in the accomplishment of which both ancestr 
and the conditions of environment have played a part. ^^ 

* "NalUdicke SchOpluupsKUchkhte." Uctlin, iMI. ^^H 




HKiRAPHICAL DISTRIBUTION: SPECIAL CONSIDER 

TION; THE ADJUSTMENT OF ORGANISMS TO EN- 

VIRONMENT. 

Bteami. — In the case of the Madreporarian corals 
scn'cd that as geological time progressed new genera actu-' 
)f were initiated, and the succession of genera and the rate 
Ihcir increa,se was seen to be definitely associated with sue- 
Mon of time. Likeness of structure and likeness of time, 
natilarity of form and separation in time, slowness or 
idity of initiation of new genera, and a particular geologi- 
I period of time for each family, order, or class, are inter- 
i to mean that there is a definite relationship existing 
t«-ecn differentiation of structure and passage of time. 
Ml wc assume to be a law of the order of events, and we; 
r the general hypothesis that the form and structure of 
or^nisms of one geolofjical period are in some measure deter- 
mined by the form and structure of the organisms of I 
; 'liod immediately preceding. 

This hypothesis involves two particular propositions: 

(I) 7'Aat each orgatiism is genetically related to some pre- 

<*iaiMg ancestor whose form and structure were not exactly 

Mr its own. 

(,2) That the process of organic reproduction is not a stet 
■■_-*f frttcess of repeating in the offspring the exact eharactert m 
.'if tuuestry. but that the production 0/ differences hettveeu I 
' and offspring is a normal factor in the rcproduetp 
trss, either continuously or occasionally in operation. 

however, another fact to be noted: the innt^^ 
c differences in the conditions of environment arc more 
t dfiitioclly uxpreKsed by differences in the kinds o( 
ciatcJ with fficm. AUlcindaot anivnaU a.tc titit 
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found in every place or condition, but in each particular kind 
of environment particular kinds of animals are found, and 
their living is more or less dependent upon those conditions. 

Hence we infer another general hypothesis: 

(3) That the conditions of environment do in some measure 
determine the par tie ular form and structure of eaeh organism. 

The Gastropoda Illustrate the Law of the Eelationship between 
Organisms and Environment. — In order to show more particu- 
larly how the differences of form (expressed by different 
species, genera, and families in scientific classification) are 
related to differences in the conditions of environment, a 
class of the Mollusca, the Gastropoda, may be examined in 
detail. This group of organisms is convenient for the pur- 
pose because of the full statistics already accumulated regard- 
ing the geographical distribution of its species. 

Meaning of the Classification of Organisms. — Without defining 
the morphological characters indicated by the classification, 
it is important to remember that zoological classifications are 
fundamentally based upon morphological differences, that 
organisms of two distinct classes present greater morpholo<,n- 
cal difference than those of a single class, that lesser diverj;- 
cncc in form is expressed by division of the class into sub- 
classes, and that the animals of the same order present 
greater resemblance to each other than to those of different 
orders, r^imilies are again subdivisions of the orders, and 
each family includes two or more genera, and the species of 
each genus are alike in their general form, differing only in 
.some of the more minute details. Hence when we describe 
the i)eculiarities of the distribution of genera, we are express- 
in- the law of association between the generic form and the 
eoiulitions of environment indicated by the geographical dis- 
Irihution. Thus, the common sea-whelk, Ihieeinum unda- 
turn ( 1* ig. 33), represents the class Gastropoda as contrasted 
with the Dentalium (Fig. 2,J). belonging to the class Scaphop- 
nda, l[\hea, a Pteropoda or Chiton (I'ig. 3<")), a representative 
«>f the class Placophora. The (iastropoda, Scaphopoda, Ptero- 
])nila, and Placophora together constitute that division of 
Mollusca calUd Glossophora, being alike in the possession of 
a more or less di.stinct head-portion of the body, and of a 
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^vcll-dcvelopcd tongue {raduld)^ which is generally «irmed 
^vith minute denticles set in rows (Fig. 34). The other types 
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Fig. 33.— a Gastropod, the common whelk, Bueeinum undatum^ showing the spiral shell on the 
MLck of the animal, its large flattened foot, distinct head with two tentacles, at the base of 
which are the eyes. The siphon $i and the operculum op are special parts not found in all 
Gastropods. 




Fic. 34.— Examples of the dentition of Gastropoda, single transverse rows of the denticles of the 
Imgual ribbon \r«ulula)^ greatly roagnifiea, of kA) Ntxtica^ \B) Xatsa^ (C) Pleurotomay (/;> 
Scalaria. 

of Glossophora are adjusted to various conditions of environ- 
ment, but for our purpose it will be better to confine our 
attention at present to the single type of the class Gas- 
tropoda. 

Distingniihing Characters of the Class Gastropoda. — The com- 
mon external characters of all Gastropods are these, viz. : 
Head and sense organs well developed, the former often 
bearing tentacles; a ventral muscular foot and undivided 
mantle, which frequently secretes a plate-shaped, or spirally 
twisted shell. The paleontologist knows Gastropods by their 
calcareous, more or less spirally twisted, univalve shells. 
These Gastropods, of which several tens of thousands of 
species are described, are specifically adjusted to all kinds of 
conditions of environment, and are distributed from the bot- 
tom of the ocean to the tops of the mountains. 
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Zonei of Environment in which Gastropoda are Distribntei— 
I If we arrange their environmental conditluns in tabular urJir 
Pwe have the following series, viz. ; 

1st. Abyss of the ocean, or an abysmal zone, extending 
prom 500 metres, or 250 fathoms, to the lowest known dcptlu 1 
f of the ocean. 




L-SchMMllc Moll1u.l1. (Aflti Ijinle.I«.) > 

Lryin uE shell ; f. «I|ec of body \ /, edft Df ihell upinrutipn ; r .Bacii : ^ 
on. </<> P*^' sanclioii; ffl, > Icuralgnngliiia i li. wphnuliuni : >, cUnidioi 

e pore : /, iKphridUl poit ; m. «nuii ■ and /, li-" - --' 

Mpliridluin ; », vtnlriiai ol hcHil : ti. liver. 

2d. Zone of Brachiopods, or of decp-wa corals (72-5CX) 
I metres, 50-250 fathoms). 

3d. Zone of Nulliporcs, or of Corallines ('27-72 metres, 
[ as-50 fathomsl. 

4th. Laminarian Zone (low tide to 27 metres, I- 1 5 
Jfethoms). 

5th. Littoral Zone (between low and high tidcsi. 

6th. Brackish water, sea-shnres abuvt tide, where fresh 
aid brackish waters arc mixed, and where the surface may be 
atposcd to the air part of the time. 
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I 7tb. Freah water, as in rivers and hikes. 
I 8cb. Amphibious conditions, (rcsh water and 1 
I 9tb. Land, the surface of the land, or in the air. 
I These are sones of envirovmeut, which express a scries of 
tying Conditions of liyht, of o.xygen, of air, of moisture, of 
di'ijrecs "jf temperature, of pressure of the medium, of depth, 
• I height. 

BcaaOBS for Selecting the Oastropoda.— The Gastropoda arc 
JecleJ because of the wide range of adaptation e.xpreased in 
iK-ir distribution, and because the statistics are particularly 
: ill. The classification found in Zittel's Handbuch is adopted, 
■ far as nomenclature and inclusion of genera are concerned ; 
'iit Gastropoda will be spoken of as of the rank of a class, the 
ri.ire common usa^e of zoologists,* and the morphologically 
i'i:cialized forms, the Chitons (I'lacophora, Fig. 36) and the 
: 'cnlalia (Scaphopoda, Fig, 37). will be omitted from the true 
Gastropoda, .is is done byZittcl, following Ihring and Lacaze 
^Duthiers : the I'teropoda will also be omitted. 
^K Peculiarity of the Divinoni of the Gaatropodt as to Kange of 
^UAaptatioiL — Ranking Gastropoda as a class, with the restric- 
^Klons above mentioned, it will include the following four 
BbdcTS, viz. : I'rosobranchia, Opisthobranchia, Pulmonata, 
and N ucleobranch iata (or Heteropoda). The whole of the 
fft'teri^potia are specialized in structure and restricted in dis- 
tribution to the surface and upper parts of the ocean water, 
,iiid structurally they may be ranked with the monotocardian 
;'n.)sobranchs. Six living genera with about 50 species arc 
I^l)awn. and a few fossil genera are referred to this order. 
f Pulmonala (Fig. 38, T,%d) are air-breathers, and (with the 
Keption of the Siphonaridx) are restricted in distribution to 
ltd and (rcsh water. Six thousand 1,6000) living and 700 

■ LHikatcf'o cliMllScailon l>(EQt]rcl. DriL, ori. "Mi>Uu>CB,"p. ftj}); 
InirlBiB RKilluica : 

Bnntfa A. GlusiBfKsra. 
CUm i. Ga«unpiH}a, Class 3. Cpv'ial*'poit)u 

ttr. a. Itapl-Funt. Br. 1. Piriopodi 

Br. h. An!K)|ileum. Br. Ii. Siphunopoda. 

~ ■ I. ScaphvpocU. 

Ii D, tjfrirfhahi l = .Ac«pliaU, Cuvier), 
nclltbr.mcbiit t*yn. CuacMlcra]. 
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fossil species are described. The OpisOmbranckia (Fig. 39) 
arc all sea-snails, and appear to be restricted in distribution 
the coastal waters, near the land, and near the line of contact 
between salt and brackish water habitats; about 1200 species 
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described, includins,' fossil forms 

rt. The remainint; order, the Pi 

. ineliides mainly ni;irine species 

at variety of marine conditions 
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C%»dt !>/ exisitHti af Iht Closiophora is compacdy summariied as follows 
Itranslaiioii from " Handbuch der Palaei:<nlologie,"vot. u. p. i6i| - The 
■tefttct' number of Giossophoia arc aquatic animals, and the majorily marine. 
[ .11: I'teropoUs, Placophots, Heieropods, OpUthobranchs, live exciush-cly in 
vej. The R real order of ProsobianciiB comprise also a majority of marine 

■ i;ii. There are a certain number which live in bracUish water near the dis- 
<it;e (it Uliet (Poiamides, Ncrilinas, Rissoas, Hydrobias}, and others in 
■.h waicr (I'aludinid*, Mclaniidic, Valvalida), The Pulmonale genera, fur- 

cil with eitls. are adapted to a terrestrial life (Cycloslomidi. Heikinidi). 
< 1'. Pleropods and Hctcropods are pelagic animals, free sniminers. inhablling 
uir 'jpen sea ; the greai part of the other Glossophora are coast animals, crawl- 
ing upon plants, rocks, and shore dibris. Some Prosobranchs are amphibious 
(Ullorina, Truncatella. Patella, HeriU), and are able to live a long limi^ dry, 
willioQI water; they then retire within iheit shell, close the operculum, and 
breathe the water which ihey have retained with ihem. The Ampullarians 
hafc llie advantage of two different kinds of respiratory organs, and can live 
■like on land am] in water. Some Prosobranchs bore in ihc sand and mud tilte 
Uinrllibranchs (OUva. Mitra, Nalica, Buccinum) : others inhabit coral reefs, 

EMre as parasites in other animals (Entoconeha, Slylifcr), The shells of fresb- 
lerGaMtopods are generally covered with a greenish-olire or brown epidermis, 
ir apices are often brolicn or absorbed ; their shell is thin and barT;y (Lim- 
mt). Many G.iKtropods subsist on fresh flesh or carrion ; there are some 
■hich pertoialc clielis of other motlusks with their tongue, and devour them 
tliiiiush the tittle hole thus perforated |Na(ica, Marex, Buccinum); the majorily 
ot Glossophnra (almost all the Pulmonates, and (be holustumace Prosobranchs) 
llvr upon vegetable food. 

rtielt geographical distribution is little known except for the littoral, fluvia- 

,ind teireatrial species ; it is known, however, that the Pteropods and 

■ irjfiipdiJs, being pelagic, have a very extended distribution ; the Scaphopods 

: ctte Plaeophorl are equally found in all seas and all latitudes. There arc 

. a few pelagic forms among the Opisthobranchs and the Prosobranchs. 

■ Ideographical distribution of the marine Glossophora. besides the influence 
ntrc* ot origin, is determined greatly by the character of the bottom, the 

:!i ol (he coast, the flux and reflux of tides, the currents, and the saltness and 

I [|i of the water. The sandy shores are little favorable to Gastropods ; they 

■'.T rocky shores, where alga- flourish. The shores much cut up furnish great 

nvty u( conditions of habitat, and accordingly have a richer fauna than t;reut 

'--tu.tricn. The movements of the tide produce changes and bring in foLxl. and 

thus favor life. There are currents, also, which greatly affect geographical dis- 

iriUiilun. Mo«t of the marine Glossophora die as soon as they are transported 

Into fresh water. There are, however, some which have the faculty of adapting 

o change of medium. Such notably are certain «pecie*of tile genera 

•ll*. KiMO.1, Trochus, Purpura, Littorina, and Ccriihium. Some fresh-water 

eonverwiy, are able to live in salt water (Limnaeus, Planorbis, 

,, Mclanopsis, Physa, Nccilina). It is probable that all the actual ler- 

ruuial or 6uviotile species arc traceable to a common origin, and that they de- 

•ceruled from narine types of the geological epochs, modified by adaptation. 

The temperature has a great influence upon the development of the Glos- 

; h«kl is favorable 10 them, and they are much more abundant in the 

I Bful land* of tropical regions than in temperate or polar regions. The 

' le batkyinelricionei, ftsthe hypsometric loncs on land, exercise their inOu- 
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ence upon the Giossophora, as well as upon other animals. The study of iheir 
conditions has a particular interest to the paleontologist, since he is thus able 10 
account for the conditions under which the fossils lived, and the mode of forma- 
tion of marine sediments. One knows, in a general way, that the temperature 
of the ocean goes on diminishing from the surface to the bottom, and that it 
attains a temperature approximately constant of 4** to 5** Cent, at the depth of 
500 feet; it descends scarcely to zero (32" F.) at great depths ; the conditions of 
submarine existence are thus approximately constant in abysmal regions, while 
thry present the greatest range of variation in the shore regions of slight depth 
in the tropics. 

The bathy metric distribution of MoUusca was studied in 1830 by Andouin and 
Milne Edwards ; and later, upon new data, by Sars in Norway (1S35) and E^ 
Forbes in ihc iEgean Sea and in England. The most important results in this 
direction have been attained by the expeditions of the Porcupine (1869-70), of 
the Challenger (1873-76), of the Gazelle (1874-76), of the Tuscarora (1874-76^. 
of the Blake (1877-78), of the Voraigen (1876-78), of the Voraillem (i88o>. 

The Zonal Distribution of the Ctenobranchina. — Restricting our 
attention to the families of Ctenobranchina , and using for the 
purpose the chissification into families of F. Barnard,* which 
arc 44, \vc arc able to see some evidence of the particular 
connection between form and bathymetric distribution. Of 
these families three have land species, and two of the fami- 
lies are restricted to a land habitat (Cyclophoridae and Cyclo- 
stomichcL There are five families of which the species are 
all fresh-water species (Paludinidie, Ampullaridae, Bithyniidce, 
\'al\atidie. and Melaniidic). One family, Hydrobiida.', has 
both littoral and brackish water species. The remaining 
tliirt\-four families are all marine; of them many of the lit- 
toral species are able to endure exposure to the air and some 
contamination of the water, but the normal habitat of all is 
marine. Some of the families are limited in downward dis- 
tribution: such are the families Truncatellida;, Hydrobiidae, 
Janthinid.'u (a pelaj^ic type), Cypneid.x*, Solariidie, Purpurida^, 
anil rerehrida!. Others reach downward to the abysmal depths, 
as Littorinid.e, Rissoidjc, Cerithiida*, XaticidiU, Scalarida*, 
Pyraniidellida-, Lulimidie, Muricid.e, IMeurotomidie ; and it 
is interesting to note that of these families, having a bathy- 
nutric distribution from the abysmal depth to the littoral 
/«»nr, several are also the most ancient in geological range; 
the Littorinid;e, the Xaticid;e, and the Pyramidellidie are re- 
porteii from as early as the Silurian era. The second section. 
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mnie^linsa (Zittcl's classification), contains twtnty-six fnini- 

b; of thfsc, four families contain strictly frtsh-walirr species, 

' genera of vvliicli are amphibious. One of the fami- 

s mado up of land species; the remainder are marine 

\. Species of, at least, three families have been taken 

I the abysmal zone. If we consider only the [jenera 

ractcristic of the several zones, we find them distributed 

• different families. Three of these are represented in 

' the 1st. or abysmal zone; four in the 2d, or deep-sea Coral 

tone; five in the 3d, or NulHpore zone; five in the 4th, or 

Laminarian zone: five in the 5th, or littoral zone. 

Oeoers of the Ctenobranchioa cbaracterigtic of the Several 
Bathymetric ZoQe», — The genera which have already been 
f'lund to chiiraeterize the several zones have been tabulated 
from lists derived from various sources) by Fischer,* 

U will be noticed that some genera are restricted to single 
Clones, 2nd others characterize the faunas of more than one 
blhymetric zone. E.vamination of these lists shows the foi- 
ling genera of Ctenobranchia to characterize the faunas of 
! reqwctivc zones. 
; <i) Tkt Littoral Zone. — From high water to a depth of 
( metres, species of the genera Littorina, Hydrobia. Assi- 
Kiasca, Truncatella, Ccrithium, Natica, IV^niidella, 
ia. Purpura, Murex. Conus, 

3) The Laminarian Zone. — From low tide to 15 fathoms; 
|Zonc characterized by species mostly phytophagous, of the 
>llowing genera, viz. : Phasianella, Xenophora, Triforis. 
^issoa, Aclis, Daphnella, Lacuna, Terebellum, Ptcroccra, 
jincila, Mitra, Nassa, Phos. Drillia, Pleurotoma. 

The Sullipore Zone. — From 15 to 30 fathoms; the 

of calcareous algx. The characteristic species arc 

inly carnivorous, and of the following genera, viz. : Bela, 

lum, CaMis, Cassidaria, Chenopus, Eulima, Fossarus, 

, Nassa, Xatica, Pleurotoma, Trichotropis, Tritonium. 

(ophon, Velutina. 

I (4) T&f tlracAiofott Ztine, or that of deep-sea cor.ils, ex- 
I 100 fathoms, has for its Cteno- 
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branch fauna species of the genera Bela, Eglesia, Fossarus, 
Mangclia, Murex, Odostomia, Pleurotoma, Rissoa, Triforis, 
and Turritella. 

(5) The Abysmal Zone, — 500 metres, or 100 fathoms, or 
more in depth, down to the profound depths, supports species 
of the genera Aclis, Acirsa, Cerithium, Chenopus. Dcfranchi, 
Eulima, Fusus, Hela, Natica, Odostomia, Pleurotoma. 
Rissoa, Taranis, and Trophon. 

Evidence of Adjustment of the Morphological Character to the 

Environment. — An examination in the like manner of the dis- 
tribution of species shows an adaptation of each species to 
much more restricted bathymctric conditions, and to restricted 
<^c()^raphical areas or provinces. This fact might, however, 
be accounted for by migration and sorting out of species from 
choice, or the selection of environmental conditions; but in 
tlie case before us, where not only genera, but whole families. 
— families whose representatives are found in all parts of the 
^lohe, -are restricted to special conditions of environment, it 
seems impossible to account for the fact except by the sup- 
position that the morphological characters of the organisms 
are adjusted to the environment. 

When we examine animals whose structure is more 
stron«;ly contrasted, as in the case of the fish swimming in 
water, the beast walking on land, and the bird flying in the 
air, we are not impressed so much by the morphological 
adjustment as by the physiological necessity of the restriction 
to a particular environment ; but in the case of the Gastropods, 
wlu'ie the differences in form are relatively of small physio- 
logical significance, the .finding of a close correlation existing 
between the specific, generic, and even family form, and the 
])articular conditions of environment seen in the zones of the 
oct an, and climatal differences of land, impresses one vividly 
with till- iunfu'diatc connection between differences of form and 
ilitfcroices of environinoit . 

Law of the Adjustment of Organisms to Conditions of Environ- 
ment. We learn from these statistics that the morphologi- 
cal differences, which are the basis of the classification of the 
various species of the ctenobranch Gastropods into genera 
and families, are intimatelv connected with the differences in 
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Jnperaturc, depth, pressure, medium, and, in general, con- 
pons of environment in which they are distributed. And 
fthe same time we learn {a) that this is the case for a small 
blip of organisms whose general structure is alike, all secret- 

\ a spiral shell, all having substantially the same organs. 

I arranged in much the same manner, and \b) that the range of 
ihe differences of environment concerned — viz., in tempera- 
ture, in depth, from the abysses to the tops of mountains, in 
mediums, from high-pressure salt water to rarefied air — is 
almost as complete as it would be possible to re.ich in habit- 
able regions of the globe. The differences in form and 
structure of the organisms as units are, therefore, not at 
all in proportion lo the differences of conditions of environ- 
ment. Organisms vcrj' much alike, in the same genus even, 
ure found living under conditions of environment as strongly 
Contrasted, almost, ascan be found ; and organisms of extreme 
Inference in structure are .Tssociated together in the same 
^Knditions of environment. The conclusion we draw is. that 
^^fditioH of tmironmcnl is a fundamental tause in d(termin- 
^Hf diffrrrncfs of form, but that ivhatcver the structure or 
^^ganisaticn cf an organism may be. tltere have been, and are 
^Kutantfy going' on, adjustments to changed habitats, and that 
^Hr tnorphoiogical ehaiiges resulting in these adjustments to 
^Ktfironment have been mainly of /ou- order, i.e., varietal or 
^Bw(^<*, and rarely are of higher than generic im/>ortaner. 
^r This is in strong constrast to the law observed regarding 
EeUtton of differences of form to time; amount of ttme-sepa- 
^BtJon being co-ordinate with degree of difference in the 
Hnole structure, and not merely in specific and generic 
^Kuvcters. 

^H flomaury. — In what has been said above the relations of 
^^hn to general conditions of environment have been dis- 
^^Bsed, Geographical distribution, in the particuUir use of 
^^fc term, is concerned with the association of like fonns (the 
^^■nc species or varieties) in areas presenting like conditions 
^^E environment, and the distinguishing of different arca.i by 
^Be different faunae and floras inhabiting them. It is sup- 
^Hm^ (hat the adjustment, by various processes, of the species 
^Hthdrchangcd environment may explain their differences 
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of form. What we have been illustrating is the fact that the 
species of a genus, or the genera of a family, are found adapted 
to different kinds of environment, and that the adaptation is 
expressed by modification of the form of the organism. In 
geographical distribution proper the fact is emphasized that 
likeness of characters of form is associated with continuity of 
like environmental conditions; viz., that the same variety is 
restricted to a particular geographical area or province. 

Geographical distribution emphasizes the fact that en- 
vironment, by the law of adaptation, has the effect of confin- 
ing the descendants of common parents within boundaries, 
and thus tends to the continuance of like characters. Bathym- 
ctric distribution emphasizes the fact of adaptation itself, 
by showing that the morphological differences distinguishing 
tlic several species of a common genus, or the several genera 
of a common order, are directly associated with differences in 
the environment. The two groups of facts together point to 
a most important biological law : that divergence of morpho- 
loi:;ical characters is in some way associated with changing of 
environ mental conditions. 

Distribution implies migration, and when, we observe that 
migration is accompanied with modification and adjustment 
to new environment, we discover this second of the funda- 
mental laws of evolution. 

Relation between Zonal Adaptation and Oeographical Bange. 
— An analysis of the classification of the Mollusca shows that 
the (lastropod structure is adapted to all kinds of environ- 
ment, because we find genera of Gastropoda in each of the 
sc\cral zones expressing the full range of environmental dif- 
ferences on the earth, from the abysses of the sea to the top 
of the dry land. 

Ihree of the orders of Gastropoda are somewhat special- 
ized in adaptation to environment: the order Heteropoda 
are ])ela^ic forms; the Opisthobranchia are all marine, liv- 
iiv^r in the zones from Littoral down to the Nullipore zone. 
The Tulmonata are restricted in adjustment to the high 
littor.il only of the marine zones, and to brackish, fresh-water, 
aiul hind conditions above the tide-level. The order Proso- 
branchia has genera in every zone distinguished in our list^ 
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This order is distinguished by the following characters, viz. : 
dicecious, branchiate, shell -bearing, gills in front of heart; 
from the latter character the name of the group is derived. 
The Cyclobranchina (Fig. 40) and the Aspidobranckina (Fig. 
41), two suborders, are all marine forms, but under the sub- 
order Cunobranchina (Figs. 33 and 42) — -a division in which 
all arc so far specialized as to possess "a large cervical gill of 
[>tctinatc form on the left side, with small olfactory organ 
-a-called rudimentary gill); a spiral shell is very generally 
.resent; the male possesses a penis on the right side; most 
:l- carnivorous, and possess a protrusible proboscis" (Claus 
ud Sedgwick) — there are genera adapted to each of the dif- 
■'-■rent kinds of environment, from the abysma! to dry-land 
'■ncs. Some of the genera of this suborder are restricted in 
distribution, and constitute subdivisions of higher than family 
value. The Ptenoghssa are all pelagic. The Kiuhioglossa, 
the Toxighssa, and the Rhtpidoghssa arc all marine; but the 
genera included under the Tanioghssa are adapted to differing 
zones of environment from one extreme to the other. This 
■igroup is still further specialized, and in each transverse row 
F the elongated radula of the tongue-like rasping organ of 
c mouth, there are usually seven plates, and two small jaws 
\ usually found at the mouth-entrance. 
There are two divisions of the T^nioglossa, the Siphono- 
•ata, in which the opening of the shell is canaliculated for 
; protrusion of a proboscis- like cvtension of the mouth; in 
be other, the Holostomaia, the opening is entire. But when 
examine the genera grouped together by possession of 
Inch likeness of structure, still we find in the former group, 
f which most of the families contain marine species, that the 
Biinpullandx are restricted to fresh-water habitat. In the 
kohstomatous division the Cyclostomida;, Cyclophorid^-, and 
TruncatcUidx are air-breathers and live on land. The Palu- 
dtnidx, the Valvatid£e, the Mclaniid?e are all fresh-water 
rcics; while the Littorinid^ are marine forms, but have species 
t the deepest part of the ocean, and others living between 
s; and many other of the families of the latter group are 
ributed through several zones. The forms of this divi- 
n, Tgniogloasa, which are constructed to breathe a.k, awA 
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thus are restricted to a habitat above sea-level, are included in 
the ^vQ families Cyclophoridae, Cyclostomidae, Aciculidae, 
Truncatellidae, and Assimineidae. 

Of the eighteen genera of the first family, twelve are re- 
stricted to Southern and Eastern Asia and neighboring islands; 
one genus (Pomatias) is distributed over North Africa and 
South Europe; another (Craspedopoma) over the Canar)-, 
Madeira, and Azores Islands. Another genus (Megalomo- 
stoma) is found in the Antilles and Guatemala, and Apero- 
stoma in Central and South America and Mexico. 

The genera of Cyclostomidae have a similar distribution, 
mainly in the lands bordering the Indian Ocean, and a couple 
of genera (Choanopoma and Cistula) in the corresponding 
lands bordering on the Gulf of Mexico. 

The other three families, Aciculidae, Truncatellidae, and 
Assimincidne, are all found within the same areas. 

Families whose Oenera have a very wide Bange of Adaptation, 
and Restricted Adjustment only among the Species. — If we pursue 
the analysis still further, we find that there are some families, 
like Ccrithiida,s in which for some of its genera there is still 
a very wide adaptation to conditions of environment ; species 
of the ^enus Cerithium are living now between tide, and have 
also been dredged from the abysmal zone. In such families 
the zonal adaptation can be found only among the species. 

Great Difference in the Closeness of Adjustment of the Charac- 
ters of different Taxonomic Rank. — It is hence evident that 
there is great difference in the extent to which organisms are 
adjusted to restricted conditions of environment. In some 
orL^anisnis their class characters are strictly adjusted to a par- 
ticul.ir L^roup of environmental conditions, as is the case with 
the inject whose mature structure with tracheal breathing 
restriets it to a habitat in which air is accessible ; but even 
anioni^^ insects there are cases of adaptation to life in water. 
In other cases one order is adapted to one mode of life and 
another t(^ a different condition of environment — as among 
tlie reptiles there are aquatic Saurians, the Enaliosauria, and 
the true lizards, Lacertilia, adapted to live on land. In such 
cases as we have been considering, though there are in each 
group some cases of restriction of adjustment to particular 
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conditions of environment, within the same group, be it 
order, suborder, family, or genus, there are also those having 
the same structure which arc not so closely adjusted to the 
environmental conditions, 

Spedet Generally Cloaely Abutted to Particular Conditions. — 
This is the case until we reach the species. Species do appear 
lo be closely adjusted to some particular set of physical con- 
ditions. Each one is so constructed that one environment is 
.It least most favorable, and to remove it from such condition 
is cither impossible without killing it, or leads to some adjust- 
ment of its habits, and, it may be, structure and form to 
Kpt it to the changes. The adaptation can only be varietal 
a single individual; hence it is only among the specific 
racters that we find the evidence of immediate change of 
form to adapt the organism to changed conditions. 

Freth-water Families ; Restriction in their Sistribntion. — The 
(otinwing families are made up of fresh-water species: I'alu- 
^^inidA^, Ampuliarid.'e.Valvatidfe, Mclaniidx, and Hydrobiidx; 
^Kbe latter two families containing a few brackish -water species. 
^^t. Such species arc by their specialized structure restricted, 
^^nerefore, to continental or island habitat. 
^H The Paludinidx and the Valvatidse are restricted to the 
^Bortbcm hemisphere, are mainly in temperate zones, and 
^Kie not known .south of the equator. 

^H The Ampullarida; are from Central and South America, 
^Bbstcm Africa, Madagascar, S. Asia, Malaysia, the Philippines, 
^^Hstralia, and vicinity. 

^^H The Mclaniida; arc chieRy intertropical species, being 
^^ftst abundant in India, Indo-ChJna, Malaysia, the Philip- 
^^^Bcs, Occanica. Africa. Central America, South America, 
^^Hining from Central America up into Mexico, and from 
^^^Brtb Africa to Spain and Asia Minor. 

^^H The Hydrobiid*, which, according to Fischer, have been 
^^^■tributed under eighty genera, are scattered over almost all 
^^M lands between the temperate zones of the northern and 
^^^mthcm hemispheres. 

^^H Two Clmely Allied Families, Separated is their Siatribntioa. — 
^^Hlc Strombid.'e and Chcnopodidx illustrate this law. The 
^Bklb of both these families arc heavy, and more or less 
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specialized in their form, developing elongations, spines, and 
processes giving them peculiar shapes. It is probable, there- 
fore, that in their life they are not capable of much change of 
local habitation. 

The Strombus is confined to warm seas,— the Pacific, the 

I Indian, and the mid-Atlantic, including the Caribbean seas 
and Mexican Gulf. The other recent genera of Strombi<1z 
are from the Indian and Pacific warm seas. The genus 
Chenopus of the second family is a North Atlantic form, and 
is not associated with the Strombidi in habitat. 
But representatives of both families are as old as the 
Jurassic, and there are also several genera in each family from 
Cretaceous rocks. 
It is evident from this set of facts thai the distinction be- 
tween the two family types of structure was initiated in the 
Mesozoic, and that there was adjustment to particular con di- 
I tions of environment very early — an adjustment which change 
■ of time did not modify. 

The following table will graphically illustrate this fact : 





1 


i 


1 


1 


Slrambus (marra seas, Pac, Ind., McJ., and Ant.) 


• 


• 


•- 


^ 






Ro»tcllaria{Ir.d. O.. Red Sea. and Chinn) 


I 






Tcrcbelliim {Ind. O.) 

pienopolidx: 


1 


















'^ 





B Relation of Antiquity to Diatribntion. — The distribution 
; ijcnera iti the family of Cerithiida; illustrates another 
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viz., old genera are widely distributed, while youngel^^^^l 
■SA arc more closely restricted in distribution. ^^^^| 
i hus Cerithium is a genus of which species are know|^^^^| 
1 ihc Triassic, Jurassic, Cretaceous, Tertiary, Quatemaj]^^^^| 

Recent Periods. It is known from all seas, warm anc^^^H 
;>i-nitc', and a species of the genus has been dredged fron^^^^f 
ibv-smal zone, and other species are known up to the lit^^^H 
: Konc of the ocean. Fasligiclla, on the other hand, ^^^H 

- known no farther back than the Tertiar>-, is confine^^^^^ 
' ic Aniilles, as present knonlcdge goes. ^^^H 
K rssua, of the f.imily Rissoidn:. has a similar history ; it i^^^| 

' n from the Jurassic up, and it is distributed in all scafl^^^J 
it.- accompanying table these facts are graphically repr«^^^| 
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^Htrlbatuin In EaUtion to Temperature of Uie Waten.— Tw^^^| 
^^■smaybe selected to illustrate this \.w.. In the LamO^^^I 
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lariidae the genus Lamellaria is distributed in all three oceans 
Atlantic, Pacific, and Indian. The three genera Velutina, 
Marsenina, Oneidiopsis are confined to boreal seas, and the 
fifth genus, Caledoniella, is from New Caledonia alone. 

In another family, the Cypraeidae, all the genera are ad- 
justed to warm and temperate seas; the principal genus, 
Cypra^a, of which more than a hundred and fifty species 
have been described, is confined entirely to warm seas; the 
majority of the species are from the Indian Ocean and the 
Australian and Polynesian oceans. This genus also dates 
from as early as the Middle Mesozoic, species having been 
found in the Jurassic, Cretaceous, and Tertiary rocks. Other 
genera of the family live in the Mediterranean waters, and ex- 
tend across to the shores of the West India islands and Cen- 
tral America, and are also seen on the west coast of America. 

To select another family, outside the immediate suborder 
we arc now considering, in the Buccinidae we find as much of 
an adaptation to cold waters as in the last case there was to 
warm waters. 

The genera Buccinum and Siphonalia are distributed in 
both boreal and austral seas ; Chrysodomus has a circumpolar 
distribution; Liomesus is only found in arctic and boreal 
seas. Other genera of the same family are distributed in the 
intermediate seas, both Atlantic and Pacific; and several 
crenera which are associated bv their structure in the same 
family, as Phos Hindsia and Dipsaceus, are restricted to the 
warmer seas about the Philippines, Indian, China, and Car- 
ibbean shores, or the corresponding warmer western coasts of 
America. 

This family dates back to as early as the Cretaceous 
era. 

Tabulation of the Facts. — The following table expresses in 
i^raphic form a summary for all Gastropods, of the facts re- 
i;arclini( the actual present adjustment of the form and struc- 
ture of these or^^anisms (as expressed in the different classes, 
orders, and families into which they are classified), and the 
\ari(nis conditions of environment (ranging from the abysses 
of tlie ocean to the extremities of leaves of trees in the open 
ain in which they find their normal life habitat. 
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There are examples in the class Gastropoda of orders, all 
the members of which are restricted to a narrow and particu- 
lar set of environmental conditions, as the Heteropods 
(pelagic), and the Pulmonata (above tide-level). 

There are other cases in which the structural adaptation is 
of subordinal rank, as the Ptenoglossa (pelagic) among the 
Ctcnobranchia; and still others in which members of the sub- 
order are found under all kinds of environmental conditions; 
but certain families are restricted in distribution, as among 
the Taenioglossa the family Paludinidae are all fresh-water 
species, the Strombida^ all marine, the Cyclostomidae all are 
air-brcathin<^ and land forms. 

Again, among the members of a family there are genera 
which arc restricted in their distribution to particular condi- 
ti(Mis of environment, and other genera distributed over a 
wider range of conditions, as in the Buccinidse Buccinum is 
distributed in cold waters, and thus about the northern and 
southern poles; and Phos is restricted to warm seas, and 
tlius near tlie ecjuatorial zone. 

Ami, to proceed one step further, particular species, of a 
genus w hich is known to be distributed in all oceans, are gen- 
erally restricted to living in a narrow range of environmental 
conditions, to a particular limit of depth, to a particular zone 
of temperature, and often to a particular geographical position 
along one side of a continent or along the shores of a particu- 
lar sea or gulf or island. 

While, however, there is this great variation in the close- 
ness of adaptation of structure to conditions of environment, 
it is a general law that ilic Jiii:;lu'r the taxonomic rank of a 
^ri'uf' of animals iJic i:;r cater is tJic raui^c of environmental 
liiftt'ruices to ic/iic/i its nienihers are adjusted ; viz., the mem- 
bers n{ a family, as a rule, are distributed more widely and 
uiuler more diverse conditions of environment than the mem- 
bers of some i)articular genus of the family, or than a par- 
ticular species of the genus. 



CHAPTER VIII. 

WHAT IS A SPECIES?— VARIOUS DEFINITIONS AND^ 

OPINIONS. 

WliAt ar« Species t — Their Hambera and Importance. — In t 
previous ch.iptcr reference is made to the great importance of 
the idea of species to the study of natural history, and in the 
following chapter an attempt will be made to answer the 
question, *" What are species? " 

Bronn, in 1849, published a list of all the then known 
fossil species.* The list comprised 2050 names of plants, 
JJ.300 names of animals. When Zittel wrote his Palcontol- 
u^y t he quoted Gtinther's estimate of 320,000 species of liv- 
ing animals, and 25.000 fossil animals, already described. 
Bpf this 350,000 species of animal oi^anisms, now known to 
Tticncc. what is it in each case which the naturalist observes, 
.md names and enumerates as a species? 

Ernst Hcinrich Ilaeckel, in his " History of Creation," in- 
sists upon the importance of the idea of species, as follows: 
* Even now all the impnriant fundamental questions as lo the 
■tory of creation turn finally upon the decision of the very 
note and unimportant question. ' What really are kinds. or 
The idea of organic species may be termed the 
ntral point of the whole question of creation, the disputed 
btrc, about the different conceptions of which D.irwinists 
) anti-Darwinists fight." X 
[ Linni held that there are as many different species as tl 

•H. G. Bronn. "Index Pa;KOiiio1ojiru»,"i:tc. 3 col*. Stuugan, iSff-^ 
* K. A- Zillel. "lUiidbuch det P.lieofiioloeic." vol- 1. MU-ichin, 
i E. H. H«Mk«). "ThB Hislory <.I Crc«ii.i>; "t. The dtvetopmrn 
' li Mid iU InhabilHiUa by lh« action (il duuirI cau*e«-. a popular eipci»Jt|aa 
■ doculae o( evolution in genctal. and n( Ihat of Dinrlo. Gnclhe, a 
Ir In p«n)euldr: the tramUtion levtaed by E. R. Lankr*ter,~ 
^VtaAiiM]. Vol. I. p. 41- 
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were different forms created in the beginning by the infinite 
Being, and his binary nomenclature, in which each species is 
given a specific and a generic name, is the foundation of mod- 
ern Natural History. 

Definitions of Species. — TOURNEFORT (1656-1708) defined 
gcjitis of plants to be * * the assemblage of plants which resem- 
ble each other in structure," and species as ** the collection of 
plants which are distinguished by some particular characters." 

Linn6 (i 707-1 778) said that we count as species what has 
been created of diverse form at its origin, and later Linne 
considered that all the species of a genus were originally a 
single species. 

BUFFON (1707-1788) described species as a ** continuous 
succession of similar individuals which reproduce themselves, 
and the characteristic of the species is continuous fecundity.'* 

Dk Candolle (1778- 1 841), the celebrated botanist (as 
translated by Wallace in his book on ** Darwinism ") * defined 
the term thus: ** A species is a collection of all the individu- 
als which resemble each other more than they resemble any- 
thing else, which can by mutual fecundation produce fertile 
individuals, and which reproduce themselves by generation in 
such a manner that we may from analogy suppose them all to 
have sprung from one single individual." 

CuviHR (1769-1832) gave what is probably the standard 
definition of this school : *^ U csphc est la collection de tons les 
corps organisi^s nds Ics uncs dcs autrcs, on de parents communs 
ct dc cciix qui Icur ressemblcnt ant ant qii ils se ressemblent entre 
cux^ In 182 I the first clause of the definition was changed to 
'' coi)i[>rcnd les individns qui dcsccndtut Ics uncs des auttesS* 
This definition may be regarded as the foundation principle of 
the scIk^oI of naturalists of which Cuvier was, probably, the 
most distinguished teacher. 

Zri'li:L. — In his treatise on Paleontologie, Zittelf says of 
species: The single species was considered, by the great 
cl.i>sifKati()n naturalists, Linne and Cuvier, as having a real 
existence and fixed invariable value: this opinion was almost 

* A. R. Wallace, "Darwinism; an exposition of the theory of natural sc* 
Ie( lion, with some of ils applications." London, 1889. 

f K. A. Ziitcl, " Ilandbuch der PaI.Tontoi'^'=- " vol. I. pp. 45, 46. 
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universally admitted by all naturalists until Darwin came 
lo allow that this categorj- was also variable, changing, 
nd without fixity. The partisans of the first theory ac- 
i ffded to the species a sum of particular immutable char- 
.;i:tcrs; it had always been such as we sec it, {species tot 
sunt dhvrsie quot diver ste fonna sunt erents^. . . . The parti- 
sans of the theory of Transmutation believe that species 
l)avc appeared slowly, the one after the other, and by suc- 
cessive transformations. ... In order to limit living species, 
the better criterion is furnished by their direct descent, 
.\ccording to Cuvier, one should refer to the same species all 
the individuals which were born, the one from the other, or 
of common parents, and which resemble each other as much 
las they resemble their parents; the individuals of separate 
tecics are incapable of fertile union, or produce generally 
bn)y infertile progeny. In paleontology it is impossible to 
tontrol real consanguinity by physiological observation, and 
oscqucntly we are deprived of this criterion in the study 
\ fossil species. . . . One ought to recognize, moreover, that 
c of this criterion is not more absolute in the dstcr- 
hination of living botanical or zoological species, as numerous 
Species are capable of reproduction without sexual union, (as 
hermaphrodites, the products of scissiparity, budding, alternate 
generation, parthenogenesis), and there are other species, 
recognised as good species, the crossing of which produces 
fertile hybrids, ... If, then, the delineation of species is diffi- 
cult in botany and zoology, it is evident that it will be more 
n paleontology. The paleontologist is limited toaknowl- 
ol the exterior forms of fossils, and these, moreover, 
1 incomplele, the better characters having been frequently 
Btroycd by fossil ication. ... In general, there arc referred 
S paleontolog>- to the same species alt the iadix-iduah, or all 
t fragment i, which fresent eerlain eommon characters, and 
V a circumscribed group, independent of geological rang* a 
Xrafhical distribution ; they can, nnvrtheless, be associa 
pdi HfigAboring groups by a small number of iMerme^ 

I TIm Theory of Mntabllity of Spcciei and Brolntioii. — Bonmi^t 
l>;a^u>u tbc-i4c4 Uut divcrsiLjt- of rlimaty> Jiouf> 
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ishment, etc., might produce new species, and the term evo- 
lution, in its general sense, appears to have been first proposed 
by him. 

Lamarck (1744- 1829) definitely adopted this view, and 
under the name of Mutability of Species. The term Deirlop- 
vicnt was also used by him to express the formation of new 
species from pre-existing species by gradual modification, and 
the theory was elaborately expounded by him.* 

The restricted use of the word Evolution (as adopted in 
this treatise) meaning the gradual and progressive change in 
the form of species, as distinct from the development of the 
individual organism from the embryo upward, to which 
Lamarck also likened it, was first adopted, it is believed, by 
EriKNXK Geoffrov St. Hilaire in 1825, in a report of his 
travels in Egypt ; and the idea was finally elaborated in a book 
published in 183 1, entitled *' Mcmoire sur le d^gr^ d'influence 
du monde ambient pour modifier les formes animales.** He 
maintained the principles of mutability of species, common 
descent of individual species from common primary forms, and 
the unity of their organization, or unity of plan of structure. 

Lamarck was prominent for the promulgation of the 
theory of the mutability of species, and there was warm dis- 
cussion between the Lamarckian and Cuvierian schools long 
before Darwin produced the " Oritrjn of Species.** But before 
eitlier of these great naturalists the philosophical notion of 
mutation of organic forms had been definitely announced. 
In tlie Ionian school Anaximaxdkk (61 1-547 B.C.) expressed 
tlie view as a philosophical conception. In describing the 
ori;^in of things he ga\e utterance to the theor\* that out of 
the vai;ue indeterminate first principle by successive trans- 
mutation man and animals have sprung. 

Philosophical Importance of the Transmutation Theory of the 
lonians. Thus it is seen that as early as the beginning of 
(ireck philosophy the Ionian school of physicists (Thales and 
Anaxiniander) recognized the principle of change in nature. 
Without the idea of change cause has little meaning, and 

from a })hilosophical point of view modern science traces back 

■ 

* Idirtuluciion to " Histoire des ariimaux sans Vcricbrcs," etc., published ia 
1815-1 ?20. 
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'.'.'• origin to this old school of philosophy, which recognized 
;iic difference between the all and the parts, and found the 
parts necessarily the changed forms of the all. The notion 
of change of form, or Mctamorphism, led to the seeking an 
explanation of it; and the whole idea of evolution, or the un- 
folding of things from that which they were not, grew up as 
men thought on this subject. 

Anliiiuity of the Notian of Eroliitiaii. — As Schurman 

pointed out in a chapter on Evolution and Darwinism in his 

recent book on the " Ethics of Darwinism": "' Like most of 

the fundamental conceptions of our knowledge, and our 

science, the essential elements of the theory [of evolution] 

are as old as human reflection ; and among the Greeks we 

lind these five constituent elements of the modern evolution 

! lypothcsis : The belief in the immeasurable antiquity of man, 

:iie conception of a progressive movement in the life of 

iMture, the notion of a survival of the fittest, and the two- 

g^ald assumption that any thing, or any animal, may become 

Bwuther, since all things are at bottom the same." * 

V Be&Uty of Species Logically Antecedent to the Votion of Specifio 

BlatabiUtjr, — But that particular form of the conception which 

Kb formulated in the term mutabilily of sptxifs was first clearly 

■Depressed in the latter part of the last century, and for its 

Hgacpfcssion it was essential that first there should be a formu- 

B^tcd idea of the reality of specks. The idea of organic species 

^pad lo be conceived of as a fundamental entity at the found- 

KBonof the science of organisms, before any explanation of its 

^njgia, or of the laws governing its existence, could arise. 

Hk The Idea of Specie* u Immutable. — The school of Linni 

^HkI Cuvni:r developed the idea of organic species, and in giv- 

^■H expression to the idea, which was abstract in itself it 

^^fcarac ncccs-s^ry lo find concrete delimitation of the species. 

^Blis idea of species is as essential to the biologist as the ideas 

^Bamm, of molecule, of force, of energy, are to the physicist 

^bd chemist; and in the order of development of idca.<i, it was 

^htum] that the primary definition of species should include 

Hfte idea of stability, and it was fully scientific too: for, as 



* J. G. Sckvniwn. " Cllikt ol Dafwlfii*m," 99. 4), »/'- 
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we have seen, the species, so far as superficial and even very 
careful observation goes to-day, when expressed by so acute 
an observer as Huxley, is fundamentally a group of like indi- 
viduals, alike for space, alike for time duration. ** A species 
in the strictly morphological sense, is simply an assemblage 1 
of individuals which agree with one another, and differ from 
the rest of the living world, in the sum of their morphologi- 
cal characters." * 

A Mutable Species necessarily Temporary. — The idea of 
*' mutability," which was added to the conception of the 
reality of species by the modern school of naturalists, is 
intimately associated with the idea that the morphological 
form of organisms, which constitutes their specific characters, 
is temporary, and thus is distinguished from the characters of 
atoms which are conceived of as continuing the same through- 
out all time. The theory that the species is immutable was 
associated with the conception of a primary principle under- 
lying each form which was supposed to exist from the begin- 
ning; with persistent integrity. 

The Question of Mutability of Species entirely Distinct from 
that of the Origin of Species. — This discussion of species is also 
a thoroughly legitimate process for the scientific investigator, 
and the two views alike call for an explanation of their origin. 
The Lamarck ian school was not less free from the unscientific 
cutting short of investigation by referring this origin to an 
unknown cause. Cuvicr and his school argued. We know the 
species, but the first cause is a sufficient cause of its origin; 
here it is, and we do not know how it came to be. Lamarck 
alike believed in scientific ignorance as to its origin when he 
followed Aristotle in calling in spontaneous generation as the 
explcination of its existence. According to Lamarck, Life 
is [)urely a physical phenomenon. All the phenomena of life 
depciul on mechanical, physical, and chemical causes, which 
.lie inherent in the nature of matter itself. The simplest 
anini.ils, and the simplest plants, which stand at the lowest 
point in the scale of organization have originated, and do 
originate, by spontaneous generation. In the first beginning 



* T. H. Huxley, " The Crayfish,'* etc., p. 29. 
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■ly the very simplest and lowest animals came into exist- 
■ce; those of a more complex organization only at a later 
Eriud. 

I The FondameDtal Tenet of the Hotability SchooL — Thus we 
bd that the lundamental difference between the hypothesis 
If the '■ immutability of species " of Cuvier, and that of tlie 
V mutability of species" of GeoHroy St. Hilaire, Lamarck, 
mA Darwin, consists in the assumption by the more modern 
blool that the specific morpluilogkal characters of organisms 
Wt temporary: are constantly ututcTgoing slight modification 
wem generation to generation ; ami, finally, that separate 
weeies are not such from the beginning, but take their place in 
Bi ffrderly sequence of phenomena ; that which constitutes tlu 
Wettfic character for each case having an explanation in t 
wrceded it, and bearing the relation of cause, or taking a p 
^ermining 'Mhat shall fotlou: 

f The removal of ' ■ special creation " from the one I 
|ad ** spontaneous generation " from the other was the natural 
Ksult of the progress of ideas, — an opening of the laws of 
Kganic evolution to scientific investigation. These two 
npothcscs were the natural recourses of ignorance, and the 
MTCScnt form of our philosophy is no less obliged to find an 
pobscrvabic origin for the things of whose existence we 
favc observable evidence. 

I State of Opinions when Darwin began bia Inveatigatlon of tbe 
M^ofSpeciei. — This brings us to the staye in the history 

■ opinions when Darwin began his investigations. The 
Butabilily of species had boon announced and strongly sup- 
■rted by able advocates. The general principle of evolu- 
Bn had been formulated centuries before, but was rather in 
Be stage of speculative opinion than applied hypothesis; the 
lets supporting and illustrating it were not greatly accumu- 
Bed. Linn^, Cuvier, and their schools had already detined a 
Kat number of species of plants and animals, had classified 
ImDr and had erected an elaborate systematic botany and a 
HtematJC toology on the theory of immutability of spedesi 
he new theory seemed to shake the foundation of the science 

■ Natural Historj*. If there is no fixity lo the idea of i 
Beeiea. Ihe gueiy arose, what can we talk about? WlutU] 
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there left for us to investigate ? But in fact, while the mnliBi'r 
bility of species was received and advocated, the idea 
species was still retained, as evidenced by the title of Darvift'l 
famous book, **The Origin of Species." 

New Conception of the Nature of Species. — The change was 
philosophical one ; no longer was the species considered to^ 
be a permanent entity with definite boundaries, but in the 
definition of organic species its time-relations and its geograph- 
ical distribution were elements added to those of its morphol- 
ogy and physiology. This was a great advance. The organism 
came to be recognized as not a mere concrete being independ- 
ent and standing by itself, constituted at the beginning what 
it is and remaining so during its existence, but as a very de- 
pendent part of a greater organism, nature itself, and related 
intimately to its surroundings or environment, to the organ- 
isms which preceded it or its ancestry, and to those whfch are 
to follow or its descendants, as a sensitive, slowly changing 
reflex of all that has been and is. In the new conception 
there is the dim outlining of the idea (an old idea, but one 
which is day by day growing more distinct and of fuller com- 
prclicnsion) that nature itself is a greater organism in which 
the species is but one of the organs. 

Remarkable Revolution of Thought started by Darwin's '^ Origin 
of Species." — Darwinism, althou<;h not pure evolutionism, but 
only one phase of it, has done more than anything else to 
brin^r about these changed views of nature. Darwin took up 
the L^encral theory of evolution, and attempted to give an 
account of the method of its working. The title of his work 
clearly sets forth the essential scope of his theory: **On the 
Ori^nn of Species by Means of Natural Selection, or the Preser- 
vation of Favored Races in the Stru^^le for Life." This defini- 
tion of the origin of species implies two fundamental propo- 
sitions, viz.: (I) That the sj)ecies naturally varies in its 
char.ietrrs, for the natural selection is selection among char- 
acters that differ; this is the idea of "mutation"; and (2) 
that the reason why one character rather than another is pre- 
served is its better adaptation to conditions of environment; 
this is the idea of *' natural selection." 

Darwin brought out prominently the fact, that what we 
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I species, i.e., the descendants of common parents, vary 

fcong themselves, and that the variability is substantially 

livcr^. This was elaborated by study of the variation of 

Lilts and animals, and particularly of pigeons under domcsti- 

The selection which man makes in his stock-breeding 

[gcstcd to Darwin the idea that the very conditions of 

livironment would act in the course of ages as selecting 

jicies, favoring the growth and transmission of certain 

Kuliaritie.i of structure or habit, and working against other 

tielal characters, thus eventually perpetuating the favorable 

ietics, and causing ill-adapted characters to become lost. 

Undoubtedly his observations, when a boy, of the results of 

"lock- breeding among Leicester sheep and the ideas of Mr. 

Uakeweil, with whom he was acquainted, impressed them- 

L-lvca upon his memory and were the foundation of the 

:liL'or>', the elaboration of which made him famous. 

The Evolation Theory of Biology and the TFiiiformitarian 

y ttf Geology, — Darwin's " Origin of Species " brought the 

brld to a vivid appreciation of the universal mutability of 

I oi^nic things, and the theor\' which bound together the 

notability of organisms was evolutionism. It is interesting, 

1 a philosophical point of view, to note that about fifty 

\ before, a like step of progress was reached through the 

Uiiformitarian theory of Hutton, which set forth the principle, 

^at during all geological time, there has been no essential 

diKnge in the character of geological events; but uniformity 

of law and conservation of force are perfectly consistent with 

the mutability in Ihc results and the incessant evolution of 

icnt life out of the dying past. 

XrolntiOD and DevelopmeDt Contrasted. — In its general sense 

^ find no better definition of evolution than that given by 

kxley: '• Erolutum or tid'elopmcnt" he say<i. " is, in fact, al 

ml emphyid in biology as a general name /or the history of 

I steps by whiih any Ir.ing being Uas acquired the morplwlogi- 

' ttrnd the fhysiohgtial diaraeters which disttNguish it." 

olution, as has been already nuted, in this sense confuses 

I processes which may co-operate in the result, but which 

f bedistinguiihcd in their exhibition in actual facts of the 

ly. They arc technically separated under the two cate* 
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158 GEOLOGICAL BIOLOGY. 

gories of Ontogeny and Phylogeny. Ontogeny ^ or Onto^ — i^-^n 
is the technical term for the ** history of the individual der^^-* 
opment of the organized being.** Phylogeny is applied to 
history of the genealogical development. Phylogeny, 
Haeckel used it, is associated with the theory* that the 
of phylogenesis, or of ancestral development, may be dedui 
from the observed history of ontogenesis or the developmcA' 
of the individual. In order to free the term from any theof 
of accounting for the history, it is proposed to restrict the \A 
of the term evolution to that part of the history of organisms 
which is seen upon comparing the organisms of one geological 
epoch with those most closely similar in the preceding geo- 
logical epochs, and to restrict the use of the term develop- 
ment to the history of those changes which are observed on 
comparing the successive stages of growth of the individual 
organism with each other, or the histor>' of a single cycle of 
organic growth. 

Evolution the History of the Steps by which Variation is Ac- 
quired, not Transmitted. — It is evident from this analysis that 
in the case of any particular organism the steps by which it 
acquires the characters which were possessed by its parents 
are steps in the development of the individual ; but the steps 
by which it acquires any characters not possessed by its ances- 
tors are steps of evolution. The latter characters in every 
case are the varietal characters. 

It is the acquirement of variation, not its transmission, that 
constitutes whatever there is of evolution in the history of 
organisms. The terms thus restricted furnish us with names 
which can be used independently of any theory. The facts, 
or series of facts, may be scientifically observed, recorded, and 
defined, and an explanation sought for them. 

A Definition of Darwinism. — For the meaning of Darwinism 
we may adopt the excellent definition of the Century Diction- 
ary. ** That which is specially and properly Darwinian, in 



* The Recapitulation theory. Sec. for a clear statement of the principal 
features of this theory, the President's address to the Biological Section of the 
liriijsh As»;ociation, delivered at Leeds, September 1890, by Arthur Milnes Mar^ 
sh.ill, eniiilcd "The Recapitulation Theory," and republished in "Biological 
Lectures and Addresses," 1894, pp. 289-363. 
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the general theory of Evolution, relates to the manner, or 
methods, or means by which living organisms are developed, 
or evolved, from one another; namely, the inherent suscepti- 
bility and tendency to variation according to conditions of 
environment ; the preservation and perfection of organs best 
suited to the needs of the individual in its struggle for exist- 
ence; the perpetuation of the more favorably organized 
beings, and the destruction of those less gifted to survive; 
the operation of natural selection, in which sexual selection is 
an important factor; and the general proposition that at any 
given time any given organism represents the result of the 
foregoing factors, acting in opposition to the hereditary ten- 
dency to adhere to the type, or * breed true ' '* 

The Lamarckian Theory of Evolution. — ** The portion of the 
theory of Development [Evolution] which maintains the com- 
mon descent of all species of animals and plants from the 
simplest common original forms might, therefore, in honor of 
its eminent founder, and with full justice, be called Lamarck- 
ian ; on the other hand, the theory of Selection, or breeding, 
might be justly called Darwinism, being that portion of the 
theory of Development [Evolution] which shows us in what 
way, and why, the different species of organisms have de- 
veloped from those simplest primary forms/' * 

Phylogenetic Evolution. — We may quote again from the 
Century Dictionary the definition of Phylogenetic Evolution : 
** It is the name for that form of the doctrine of Evolution 
which insists upon the direct derivation of all forms of life 
from other antecedent forms, in no other way than as, in 
ontogeny, offspring are derived from parents, and conse- 
quently grades all actual affinities according to propinquity, 
or remoteness of genetic succession. It presumes, as a rule, 
such derivation or descent, with modification, is from the 
more simple to the more complex forms, from low to high in 
organization, and from the more generalized to the more 
specialized in structure and function ; but it also recognizes 
retrograde development, degeneration or degradation." 

The law of Evolution is put in a terse form by Huxley, who 

• Haeckel, "Hist, of Creation," etc., vol. i. p. 150. 
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expands the Latin phrase of Harvey ** omne vhum ««»; 
into ^* omninn vivum ex vivo,'' and carries the evolution 
still further in the phrase *' omnis ccllula ccllula.'' 

The Fact of Evolution Established Beyond Controvenj; 
Heal Nature of Evolution to be Learned only by a Study of 
History of Organisms. — The followers of Cuvier, with thrirl 
** immutability of species/* recognized the principle of "^1 ^ 
vclopmcnt " in the sense above defined, but they believed tlul' 
the metamorphoses, which are called evolution, are the results 
of independent originating force, or they discarded the bclid 
altogether. The more modern school, represented by tht 
idea of the ** mutability of species," fully accepts both devel- 
opment and evolution as established facts in the order ol 
nature. This principle of evolution is so far-reaching in its 
application, and so dominates the speculations of our times, 
that typical illustrations of it as exhibited in the histor\' of 
organisms are worthy of special study in order that these 
applications to other things may be correctly made, for only 
by understanding precisely what evolution is in nature can 
one apply the term correctly in discussing the philosophical 
application of it to other things. 

What is an Individual ? — When we push the analysis of 
origan ic nature farther, wc meet the question. What is the in- 
diviilihil ? A very superficial consideration of the problem 
slu)ws us that the organic individual is not merely the sum of 
tin- matter constituting the body of the individual at any par- 
ticular time. The matter of the individual is not made in the 
cniir.sc of the growth, but it is only organi/.ed. The matter 
in thi' case is the f<)0(K which before was not a part of the 
in(li\ idual. So that it is true to say that an organic indi- 
vidual (K-vi:lops, !)ut the matter it uses is not in any sense 
I h.u.u ti-ristic of the individual, nnr is the particular structure 
«»t thr tills or tis>urs, for tiiis is common to other imlividuals, 
but .ich individual difft.Ts from others in the mode and \n\r- 
p<»-i «'t its aclivitic--i, antl in tlu.* results of such activities as 
t\[)r{'--(il in its morphological characters. 

In ollur Words, the op^Muic individual is v**hat it is in each 
cMx . not bv virtue of the chemical <»r phvsic»il materials of 
wliikh it is composed, but by virtue of the form, structure, and 
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'.ityof the whole as constructed. Thus the likeness ik 
ii and function, which leads to the classification of organ*! 
T as of the same species, does not arise by virtue of like- 
-^ of the matter involved in its construction, but by virtiH 
_: iikcntss of the agency by which the particular constnictionfl 
is brought about. To put this proposition in concrete form, a 
particular cat has the form and function it possesses, not 1 
Wrtuc of any qualities inherent in the bones or muscles or tis- ' 
sues of which it is composed, or in the cells or in the ultimate 
chemical elements of which it is composed, but its individual 
characteristics are altogether determined by the fact that ft y 
developed from a cat which was its mother. 

Descent is the explanation of the particular characteristiec^ 
of each individual. In dealing with such characteristics, we 
arc dealing with the phenomena of life which are continuous, so 
far as our experience tells, and depend for their expression 
( alone upon the immediate surroundings of the individuals, 
% upon pre-existing living organic individuals, its ancestors. 



CHAPTER IX. 

WHAT IS AN ORGANISM?— THE CHARACTERISTICS OF 
THE INDIVIDUAL AND ITS MODE OF DEVELOPMENT. 

Mutability of Organisms a Foundation Principle of all Erolii- 
tion. — In an analysis of the meaning of evolution, it is essen- 
tial to remember, at the outset, that the evolution takes place 
only in respect of mutable things. The species is said to be 
mutable, but it is the organic species as contrasted with 
evcrythin^^ else. The mutability, therefore, is respecting 
organisms only. I have shown how^ the organic ** species,'* 
which one school of naturalists calls ** mutable," is in one 
sense a mere abstract idea but in another it stands for an 
ag^rc<;ate of real existing individual organisms. Such an 
earnest advocate of mutability of species as Oskar Schmidt 
says, *^ The retention of species is, moreover, scientifically 
justifiable and necessary, if only the determining impulses be 
taken into account and the definition reduced to harmony 
with reality;" and the definition he gives is, ** While we re- 
gard species as absolutely mutable, and only relatively stable, 
we will term it, with Haeckel, ^ the sum of all cycles of repro- 
duction which, under similar conditions of existence^ exhibit 
sim liar forms. ' " '*' 

Morphological Similarity the Characteristic of Species. — The 
essential notion in species is sii)iilarity of form. The fact 
recorded in the term species is the occurrence in nature of 
niinurous ori^anisnis of almost identical form and structure — 
indi\idiials which seem, in ^^eneral, to live and grow sepa- 
iMtt 1\', hut are also ort^anically associated together. In order 
to explain this community of form among the individuals of 
the same species, we must examine into the laws by which 
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■ individual attains its form, and to this end wc must 

fljy/c the characteristics of an organism. 

I The Definition of an Organism. — Organism may hn defined 

AJiys; wc may point to a concrete example and say, 

B7^t/ cat is an organism," and then takeaway all those cbar- 

bcristics which are pt;culiar to the particular example, as its 

Br, its limbs, its eyes, its teeth, in fact, all its special organs 

I parts, and come down to a fully abstract definition of an 

"f^anisni, of which the cat is a concrete example; or we 

I i.\y take the philosophical definition, and with Kant define 

:nc onanism to be " tkat whose every part is at omc ilte means 

and end of all the rest." For our purposes it is better to 

cotnbine the two methods, and say, An organism is a living 

ieing xvhose every part is at once the means and end of all t/te 

rest ; for it should be insisted that, whatever its full meaning 

may be, li-inng is an essential quality of any organism that 

■•.cither develops or evolves, and the idea of organism includes 

■Hk necessary relationship of the parts to each other and to the 

^K Livins and Performance of Physiolo^cal Fonctions are Euen> 
^Bl Parts of the Definition of an Organism. — " Under one 
^Bpcct," says Huxley, " the result of the search after the 
^^pionalc of animal structure thus set apart is Teleology, or 
^^P doctrine of adaptation to purpose; under another aspect 
^Bb Physiology." • 

^H Inversely, then, a dead animal is not an organism. It is 
^By a mass nf organic matter which some organism has con- 
^^ncted. So much are we engaged in handling dead animals 
^HQ plants that we arc apt to overlook this important distinc< 
^^pn. Too often the modern naturalist conceives of the 
^B^nisni as only an -iggregale of matter having a dcfinlta 
Hntm and structure of parts, as a house miylit be defined as a 
HbUllding made of mort^tr and bricks. 

Hb A Zoologicat Specimen in the Mnseom ae mnch a Testige of 
^^fculBB ai a FowiL — The animals we sec in the zoological 
^^pwunu and dissect in the laboratories arc as much remains 
^^Bttstigvs of organisms as arc fossils; growth and structure 

Hcnrf iltuUej^. " Ap lnltalui;tion lo the studjr ol Zualu,^ nlu- 
:n«&tb." p. 47. NcK Yoik. 1S84. 
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are in intimate association in the organism, and the instaai 
the organism ceases those changes incident to growth there re- 
mains the inert result of the Hving, that is, the dead, animal. 

Living Implies Change, and Change is Incessant in a Lifiai 
Organism. — Living implies change in the organism, and inces- 
sant change. This change is what makes growth possible. 
The organism at any particular stage is only the morphologi- 
cal result of the previous growth, and what we recognize as 
the adult form of the individual is as truly mutable as the 
species itself. The individual organism, if exactly defined, 
is not precisely the same for any two days or moments of its 
existence, but one of its fundamental characteristics is that 
it grows, i.e., it has development. Almost the same might 
be said of any of the parts or organs: so long as they arc 
acting they are undergoing waste, and repair, and incessant 
change ; as soon as this process ceases they cease their 
organic function, decay, and return to their material ele- 
ments. In the organ, in the individual, in the species, or 
in the whole organic kingdom, the morphological form and 
the physiological function are of a temporary nature, and 
thus essentially differ from the physical or chemical proper- 
tics of matter. 

An Organism is an Aggregate of Cells. — An analysis of a 
j)lant or animal demonstrates it to be composed of ** cells." 
Mach individual organism is morphologically an aggregate of 
cells ; these cells are not all alike, nor are they combined in 
tlic same manner. Another proposition may be accepted 
without further examination: every animal or plant begins its 
** existence as a simple cell, fundamentally identical with the 
less modified cells which are found in the tissues of the adult.** 

The Organic Cell the Morphological Unit. — The simplest form 
of the cell, or, as Muxley calls it, a '* morphological unit,*' 
nKi\' be conceived of as a mere mass of protoplasm devoid of 
cc 11-wall and nucleus. Me sets forth as fundamental proposi- 
tions that, I. *' Ft)r the whole living world the morphologi- 
cal unit, the primarv and fundamental form of life, is merelv 
an individual mass of protoplasm, in which no further struc- 
ture is discernible; 2. That independent living forms may 
I)resent but little advance on this structure; and 3. That all 
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e higher forms of life are aggregates of such morpholq 

r cells, variously modified." * 

The primitive form of the organic individual i 

nl of microscopic size, globular in shape and with no distio- 

pisliablc differences in tUc structure of its contained proto- 

If higher powers of microscope could be brought to 

, it U not improbable that, like the nebuls of the macro- 

n, this amorphous unit of the organic microcosm might be 

lolvcd into complexity, but, as we know them, cells are 

jund almost universally to possess three elements of structure : 

I the protoplasmic substance of the cell. (2) a cell-wall or 

marginal sheath, and (3) a nucleus within. 

The Three Ways by which Cell-modific&tion is AccompliEhed. 
— There are three ways by which diversity of form is attained 
by the cell: 

(l) ^y movement of iiu cell itself, exhibited in change of 

i>hai>e of its exterior form, or of the cell-wall. This is seen 

■tt the Amceba (Fig. 5 1), which, by drawing in one part and 

^■Etending another, assumes various forms, temporarily, but 

^Bmains in the simple cell state. 

^B (2) The second method of attaining diversity of form is 
^w cell-division, which is the common method by which 
^■DWth is effected. Reproduction of a new cell is accom- 
^Hahed by such division of the original cell, separation of one 
^■n from the otbcr, and completion of its outlines by each 
^Brt until division into two distinct cells takes place. The 
^ftotozoa are characterized by this mode of development, and 
^■r the necessary failure to attain complexity of structure of 
^He individual, which reaches no higher stage of diversity than 
^Be unicellular stage. 

^H (3) The third method of attaining diversity of form is by 
^W-W«//r/>/iJ-'i/ri"r within the individual. 
^1 KetAWM Characterised by Hittogeneiia, or the Formation of 
^^■nM> — All (he nniinaU of the classes higher than Protozoa 
^^B ranked together under the general name Mctazoa, and are 
^Hltioguished from them by this differentiation of the sub- 
^Bbcc of the body into cells. This, which is the second ' 
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metliod of organic development, is called histogeny, or Aixto-Wtr 
genesis — the origination or development of tissues; andtk|c 
terms eryptogeny and cryptogencsis may be used to distinguii 
from it the first method of organic development, which ends 
in the reproduction of cellular units, and is confined to simple 
enlarii^ement of the cell, as in the Protozoa. 

Histogenesis, Gryptogenesis, and Phylogenesis. — In histogemsii 
the ori;^anic unit is enlarged by the division of the initial cell 
into many separate cells forming a compound organism kno\^"n 
as tlie metazoal individual. In cryptogencsis the organic unit 
is a simple cell. As histogenesis begins with cryptogencsis, 
and is an enlargement of the scope of organic growth, so we 
may conceive oi p/iy/oge f tests dis an enlargement of histogenesis, 
in which the unit is the organic species, and the progress is in 
terms of specific forms, new species arising by evolution of 
the old and modification and expansion of the ancestral types 
in their descendants. The growth is growth of the race, and 
the specialization is in fuVctions of the individuals, first seen 
in the production of sex; this specialization is further de- 
velojxd in the co-ordination and co-operation of the members 
of .1 family^ and is still more highly elaborated in the com- 
numil}' or the race. 

Analogy between the Cell and Organism and the Molecules, 
Elements, and Minerals of Inorganic Matter. — The results of these 
se\ er.il modes of ;j^rowth of the organism are analogous to the 
caie-orie^ used in chemical nomenclature. There are physical 
unit^ which are called molecules, which may be compared to 
celN. the i)rL;anic units. The chemical element is a molecule, 
or mass of molecules, exhibitini^ uniform properties, or chem- 
ical react ior.>. A mineral is a combination, or it mav be a 
siiuj^le element, exhihitin;^ definite and uniform chemical 
composition, and physical characters of WL'ii^ht, hardness, 
crystalline structure, etc. As the molecule is resolvable into 
iniaiiiu'd atomic ct)nstituents, so the or«:anic cell is resolvable 
into its j)rotoplasm, and according to the theories of some into 
innunu rahle /"(t/Zi^t/itS or /(/s, each having its personal char- 
acteristics. 

The Individuality of the Organism. — On the other hand, as 
any particular mineral exists only temporarily and under 
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Ktal conditions, so the organic species may be looked upon 
■ a temporary' thing made up of a certain number of actual 
idividuals, living at a particular time and under particular 
iimstances, the individuality perpetuating itself by the 
iDcess of generation. But here the analogies cease, as is 
plained elsewhere; the incessant changing of the organic 
hn and function of the living organism distinguishes it 
indantcntally from matter in any other condition. 
Qrewth and Beprod action of the Protozoa and of the Hetasoa 
Ccntraited. — As will be seen from the above remarks, the 
funciiiin of reproduction in the Metazoa is a specialization of 
tlie simpler function of growth of the unicellular Protozoa, 
Growth in the Protozoa seems to be limited by what may be 
called -the capacity of the oiganic cell, and reproduction then 
cnnsist'i merely in producing new cells, or in the multiplica- 
tion of unicellular organism*. 

Oeneratton the Fandamental Fonotios of an Oi^^ino.— In 
Hbe Metazoa the growth capacity is enlarged, and in these 
^Higher animals reproduction or generation is no longer the 
^Bnction of the whole organism, but is specialized otT as a part 
^H its activity; and in the structure of the organism special 
Bprts, tissues, or organs arc set apart or ditfcrcntiated for 
Hbr execution of this special function. The remaining activi- 
^ws arc spent in the development of the individual. Indi- 
^bual development, and all auxiliary activities, have to do 
^Bth actually existing conditions of life, but generation looks 
^wword in its very essence to conditions that have not yet 
^npcarcd. GcNt-ratioM is, then-fore, at tki foundation of ail 
^Eftrtf/c- life ami history, and in the process of generation organs 
^Bv ecHStruetrd before they act, and independently of the txttr- 
^^tt environment to vhtch they must he adjusted ivhen they act. 
^B BttBtmarjr of the Steps of ProgreBs in Organio Development. — 
^K> summarize the 5trp^ nf pro^ru-ss in the organic ili.'Ve]op- 
^HcDt. we find, first, ?implc growth; the cell incrciscs by 
^Ksorbing matter from outside, accumulating it, and thereby 
^■ISmenting, both as to physical size and to the amount of its 
^■^anic force, whatever that may include. This proce« goes I 
^B until the cell reaches the limit of il» individual capacity! J 
^^bil growth ccascx. I 
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Secondly. Some sort of division or fission sets in wlu4 
begins with the cell-nucleus; if fission becomes complete, it 
is unicellular reproduction and the organism is protozoal 
This process, repeated over and over again, is what maybe 
called cell-genesis, or cryptogenesis. This is unspecialized 
growth, and the cell, when considered as carrying on ind^ 
pendent existence, may be called an undifferentiated organism. 

Thirdly. When the fission of the developing cell is incom- 
plete within the walls of the cell, the process goes on until 
there is repeated cell-division, or segmentation, and the 
dependent cells are more or less specialized and combine to 
form tissues. 

Fourthly. The tissues develop into separate organs, capa- 
ble of carrying on special functions, and we have a metazoal 
animal, in which the several parts act for the interest of the 
whole body. The product is a complex organism with organs 
made of specialized cells performing special functions. 

Growth, strictly speaking, is thus a function of the cell, 
which culminates in cell-multiplication by fission, or partial 
fission, augmenting the mass and force of the individual. 

Development is that kind of growth which takes place in a 
multicellular organism when, by generation, a nucleated cell 
is set apart, protected, nourished, and by division and differ- 
entiation is elaborated into a complex organism, without 
rej^ard to the growth of the parent — even at its expense, and 
whni fully constructed is set free to begin independent life 
f<.)r itsL'lf. 

Evolution is that kind of growth which is expressed in the 
specialization of functions and differentiation of organic struc- 
ture in sonic members of a species, enabling them to exceed 
the cai)acity <>f their ancestors, and to adapt themselves to 
coiulitions beyond or other than those to which the parent 
form was adapted. The evolution is exhibited in a series of 
forms, succeediuL; one another, in which varietal, and ultimately 
si)(ciric, differences distinguish the later from the earlier mem- 
i)ers n{ the .series. Such a series is called a raci\ and the repre- 
sentatives of a race which are alike are called a species. 

Embryology. — The development of the individual is par- 
ticukirly discussed under the name of Embryology, and the 



^^Bdent is referred to special trtratises on this subject {or in- 
^^Bmation regarding the details of the process, but a few 
^^Bcral statements may be of use in forming a correct notion 
^^■the nature of oi^anisms in general. 

^^H The typical cell is composed of a mass oi protoplasm with a 
^^H>re or less distinct cell-xvall, and, generally, a nucleus, very 
^^Hnute in siKC and escaping resolution into its elements, but 
P^Bving evidence of performing some vcr>- important functi ons 
1 ?n the cell when examined with the highest powers of, 
microscope. 

I 

^H The Functions of a Hetasoal Org&niun; Qeneratioo. — In the 
^^Bctazoa there arc three groups of functions, viz., sustenta* 
^H^n, generation, and correlation. Generation is the name of 
^^ic function by which organic individuals arc produced, or, as 
is commonly said, reproduced. 

Agami^enesia. — There are three (or, including alternate 
;encralion, four) modes of generation. Agamogenisis, 
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k1», by fission (l_| and by budding (2). This mode may be 
bresented diagrammatically by the following series: 

In this series the simple parent individual Ui) by sub- 
on into sub-equal parts becomes four separate individu- 
\ (^, ciich capable of independent existence (Fig. 43). 

II. The second mode uf agamogcnesis may be represented 
* the above diagram (Fig. 44). 
Here a modified fission takes place, the ori^nal individual , 
iiung its integrity and sending ofT a bud, which, after J 
", development, is separated, completely or piartiallyj 
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from the parent ; this is called buddings from its similarit}' to 
the mode of budding in vegetable growth. 

III. This budding process may proceed within the parent 
individual when separation takes place by an act of expulsion, 

o oe (SO 

Fig. 45. — At^amn^cnesis by internal budding, in which the yonnfc nnn ii formed within the body 
cavity uf the parent, and when complete is suddenly expehed as a free individuaL 

suddenly instead of gradually, which gives a third type of 
agamo^cnesis, as may be illustrated by the diagram Fig. 45. 

In this case the offspring comes forth immature in develop- 
ment, but complete in organization. All three of these modes 

©" (S)' (^ a o cf' 



Fig. 4^).— M«>mcciou« jfamojfcnesis. Sex differentiation, represented by the sjrnibols A male, -f 
ft tnalc, t.ikini; plucr within the parent individual (a), the several steps consisting of union of 
tlu- twi) cloinentA (/^), development of the Kcrni (c), its discharge (a/) and becoming a free 

individual, the parent retaining its integrity (/*). 

of generation are called agamogenesis, because there is gen- 
crati(^n without sex differentiation. 

Gamogenesis. — Gamogcncsis is that mode of generation in 
which distinction of sex is accomplished in the individuals be- 
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47. -IHd-ciou'i jfi^moji^enesis. In this mode <»f generation vx differentiation has taken place 

ImI-tc tl,c individM.iI is o»mplct», and ii»-iii»craiion of two distinct individuals ii evtential to 
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Im |.r<- tl,c iiKllVlilM.i; Isfomp 

ea< li a< t i-f •^vw ration i.j ,i' ■>. >«|>.ir.ilr orcanif rietnents .irr devel«»ped in th«; sex individuals 
i^.'-'; • till- >prrtn!ile is e\trude<l from liir male individual u i ji, is hroii^ht int<» conlaet with 
ihf <iviilr I < ,'•. the two ill inent'- unite (Yi, sev;inentatii»n un«l development of the *»viim ^e /\ 
tak'- I'lai*-, tlie oviiin is lev eloped a>> a dependent individual until it is capahlr of indefx'ndrnt 
exist* m f, when it is extruded and set tree (^ i and y i either a> u male or as a female individual 

fore generation hcLjins. (lamogcnesis may (IV) be inomvciouSy 
in which case the sex differentiation has proceeded only so far 
as to ditferentiate the organs within the body of the individual 
ori^anism, each individual developing both of the sexual ele- 
ments. This mode of genesis may be represented by Fig. 46, 
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lln this case the generation is sexual, but hermaphrodite, 
I the product of generation is set free after being developed 
ciently to carry on independently the functions of life. 
iThc other mode of ganiogenesis is diacious (V), in which 
I differentiation of sex has proceeded so far as to affect 
vidual Hfc, and to require the co-operation of two dilTer- 
\ individuals (or tbe accomplishment of the function. This 
more frequent mode of generation in the animal king- 
It may be represented diagramm.-iticaily by Fig. 47. 
I Tbe Several Stages of PerelopmentiD the Higher Organisms. — In 
s series there are several stages of dcvelupment which it ia 




L «!.— StsiBtnuiian of the ovuni. A, S.C, •/limit nun o( 
r*^ .Alia MeMutritk.1 



ortant to note. There is. first, the stage of sex difftrenlia' 

I m the individual, the one being called male, the other 

bale. This appears early in the life of the individual, but 

^ts earliest stages there appears no discernible difference t 

1 in the organs of the two sexes. 

[ Second. This distinction is carried on independently^ 

p growth and development of each kind of individual ; or^M 

e specialized and ditlerently formed, and finally result tn the 

idUCtton of speciatizcd cells, called in the one case 

mult (S/frrmatPsoaits. and Ovule (ih-um) in the other. 

iitd. The eonJtiMctiaH of tlie spcrmulc and ovule, [omied 
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within the oi^anism of separate individuals, is the nexte 
tial step in the process, and the ovule, thus fcrtUised \i&'^\ 
result of this conjunction is called) proceeds under propffl 
conditions to further develop, and when sufficiently developedl 
for independent life is thrust out of the parental oi^anisn,! 
is separated, and becomes a separate individual, as reprc-l 
sented by the stages, d—g, Fig. 47. The distinction of sex is I 
ag;ain represented in the new-bom individual which is bora I 
already differentiated (3 g, Fig. 47) in this respect, and as it I 
matures develops the organization of either a male or a female 1 
individual, and only as thus differentiated is the continuation 1 
of the process of reproduction possible. 

With the third stage of cell-development, above described, 
begin the processes of cellular differentiation, or histc^cnesis, 
within the walls of the cellular organism. The segmentation 
of the contents of the interior of the ovule is the first step in 
this process, and results in the formation of innumerable 
spherules. The cell in this con- 
dition is called a blastula, or 
morula (according to the extent 
and mode of its segmentation). 
The blastula results when the 
segmentation affects only a part 
I of the cell-contents, and a hol- 
low ball-like cell is formed ; in 
the morula the whole cell- 
contents are segmented, or, at 
least, tlic unaffected part is 
relatively very small, and the 
^ result is a solid ball of cellules 

" ■ -».»i..».i.; (Kin. 4S). 

i"ourth. Tlic next stage of devclDpnient is the formation 
inti> ,1 ^^iislriila, in wliicii ^|)eciali/atil)n of the secondan,- 
h|)]iiriik-s (If cellule>i take pliice, anil an outer and an inner 
l.iyiT arc f.irnied. The ty]iical giisirula is formed by the 
iliiiipliiig ill of llie iiulluvv sphere of the blastosphcre to form 
a t«M-kiyered cell (Fig. 49). 

The Primitive Tistnei, Endoderm, Ectoderm, and HeMderm. — 
The lictoihrm and the limlodcrm arc the primitive undiffercn- 
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tiatcd tissues from which develop, as growth proceeds, the 
special oi^ans. There is also formed very early in the de- 
velopment of most of the higher animals, the Metazoa, an 
intermediate layer called the Mesoderm. 

These several stages of histogenic development distinguish 
the Metazoa from the Protozoa, and the distinction might be 
stated by describing the Protozoan as a cellular animal, the 
Metazoan, as a tissue-bearing animal. 

The Speciftl Organs Arisiiig from Primitive Tiisne Layers. — 
This is not the place to go into further details regarding the 
mode of development of organisms, but, as illustrative of the 
degree of specialization of function already outlined in the 
distinction of the tissues of the gastrula into Ectoderm, Endo- 
derm and Mesoderm, the following summary of the organs 
which dcvelope in the Vertebrate from each of the primitive 
tissue layers is given. 

1. From the Eetoderm arise the epidermis, the nervous 
system, and the infoldings at each end of the intestinal cavity. 

2. From the Enduderm arise the mesenteron and its ex- 
tensions, the lung, liver, etc., and the notochord (later, the 
Ixickbonc). 

3. From the Mesoderm arise dermis, muscles, connective 
tissue, bony skeleton, and probably the reproductive organs. 

The Embryo Stage, characterized by Dependence and Pauivlty, 
ii not subject to Individnal Struggle for Ezistence.^ — Fifth. The 
stages of development, enumerated under the preceding 
section, take place either within the cavity of the parent 
body or within a food-holding case provided by the parent; 
in other words, the organism is not free, building up its 
growth by its own energies, but it is still attached and de- 
pendent upon the vital conditions and resources of the parent. 
It ii called agertn, and the embryo stage of development. 
In the development of each metazoal animal there is this 
pendent stage of development, the embryo stage, of greater 
length, in which the young organism is not an inde- 
ident individual, and therefore is not subject to the aetion 
^le for existence. 

; most important fact to note regarding this stage, is, 
J» the stage in which all the differentiation of tissues 
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(up to the formation of the completed organs — those, at least, 
that arc essential to independent activity) is carried on with 
relative passivity of the embryo itself; and the dcterminatioo 
of all this development is traceable directly to the parent, and 
not to the environment of the developing organism. How. 
ever much the length and extent of this embr>'o stage may 
differ in different kinds of animals, it is clear that there is 
such an embr^^o stage of development in all metazoa. 

The Stage from the Free Existence of the Indiyidual to tbi 
Maturing of its Functions. — Sixth. The next step in the dc- 
vel()i)mcnt is the setting free of the organism from its 
embryo stage ; its birth marks the beginning of the infantine 
sta<;c in the higher Vertebrates. The higher the differentia- 
tion and the more complex and specialized the organization, 
so much the longer is the dependent or preparatory stage 
ox tended. 

In the higher animals, for instance, some of the systems 
of ofL^aiis are not completed at birth, particularly the genera- 
tive system ; these gradually mature, and the stage from 
birth to the perfection of this system of organs is the infantine^ 
iijrvnl, or Juvenescent sfaj^e. Full maturity is reached only 
when the whole organism is fully developed and capable of 
inilepi-ndent life and the execution of all the functions of life. 

The Cell an Organism. — l-'roni what has already been said 
the essential elements of the or^Miii^m may be learned. Re- 
curriiu"- to Kant's definition of an ori^aiii>m as "That whose 
every i)art is at once the means and end of the whole," we 
ol)>erve that one of the first marks by which we recognize the 
-iin])lr>>t cell to he an or^c;ani>iii is its division into parts, with 
wli.ii wi- as-^unie to he dilTi.-reiU function^, because thev do 
]':.iy ihiiereiit parts in ihr hi-^tory of the cell. 

Differentiation of the Cell a Mark of its Organic Nature. — 
1 iu -inij>lr^t (litferrniiation ^^i ])art^ which we are able lo 
«.l)^r-\<- !- thai expre^'-r.l l)\' tluwc //-.w///. This is a ditTerentia- 
ti"ii «•: till' siijK-rt'icies as a protect i\e shelter for the interior. 
li, m e«>ntra'-t, we bre.ik open a crystal there is no essential dif- 
frri nee between the outer and inner part^. A further special- 
i/.iti«)n of |)arts and function is seen in the nne/eits as a differ- 
entiated part of the cell. All cells do not appear to be pes* 
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eti of specia] cell-walls, but the lack <if tlicm may be due 
^perfection of our vision, or to imperfectly formed 
; although the cells whose existence appears intrinsically 
Kndcnt upon their own activity possess the nucleus, it 
: fully evident what the (unction is which the nucleus 
U is sufficient (or the present purpose to note that it 
specialization, by the activity of the whole cell, of a part 
L itself for the execution of some function essential to the 
[stctice of the cell as a whole. Moqihologically it is a dif' 
yntiatioH of form and structure; physiologically it is a 
\ciaihation, a division of labor or function, within the cell. 
n the cell acts in generation the same principle is at work ; 
, a partition of material substance, or of morphological 
racters, with a retention of common interests. So long as 
:he segmentation of the yolk goes on there is the differentia- 
:; jn of parts, but each part is essentially a part of the whole, 
.111 the st^mentation is but an increasing of parts with the 
. fowth of the individual. As the segmented parts arrange 
■.hcrosclvcs into orderly scries, and, like soldiers dividing into 
platoons and companies, they march olT to construct them- 
selves into organs and tissues, the same principle of organic 
growth is expressing itself in the organism — the enlargLment 
['Of the function of the whole by the increase of the number of 
factivc parts. 

■ IKfierentiattoD and Specializetioo the Harks of an Organitm. 
^^Differentiation and r^[ cciatization arc intrinsic marks of an 
HMgaaism. They arc essentially proeesscs of incremtnt of parts 
^^itd functions by division, and not by addition. The activity of 
Hb organism ever tends to increase heterogeneity, or dissimi- 
^Bity of kind of its parts. The activity of non-organism 
^^pds to the decrease of heterogeneity. In gravitation this is 
Hustnited wherever the law of gravitation expresses itself in 
^btkm; iwu things lend to approach more nearly lo a state of 
^^dformily regaining tlic law of gravitation, and so the final 
^Bd of activity of the law of gravity would be a perfectly 
^Knogcneous mass, in which the attraction in every direction 
^^Bild be uniform. So chemical action is a process by which 
^^fc bcteroKcneity of chemical composition is reduced ; the acid 
^J^ the salt unite lo form a more stable compound, each of 
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the heterogeneous chemicals uniting to form a homoj;cneo» 
compt)und. The final result of chemical action is the cora- 
pound with homogeneous properties throughout, theoretically 
and historically composed of sundry elements, but effeclivciy 
simple, uniform and homogeneous. So, too, in cr^^stallizatif.-n 
the tendency is, in the heterogeneous solution, for the like 
things to associate according to regular arrangement of pani- 
cles; from heterogeneity of arrangement the law is to\v.inl 
sinii)licity and regularity of form. 

The Attainment of Heterogeneity. — When tlicse two modes ol 
activity come into conflict the organism expresses its vitality, 
we say, by overcoming the disintegrating chemical and physi- 
cal forces abtuit it. The intrinsic tendency of organism is^ then, 
to (ft til in /iitcrogcncity, or dissimilarity of kind^ dissimilarily 
of fi'rm, mor/'/ioIogically, and dissimilarity of functL^n, 
//:ys!f /■•.;/( ally. This we see in the development ol the 
n.ii, in the con>t ruction of tissues and of organs, in the 
L;r<>\\th of tlu- individual, or technically, in all the stages of 

Grand Results of Ontogenesis, or Development of the Individual. 

— This i^ udI tlu' plan' t«> di^cu^s tlu* di-tails of ontt^genesis, — 
in I'lK' livp.Mtiurni-^ t'l lli•^I^>l•>''^•, rh\'>iol»)«'v, Zo(»I<»«:\', and 
]'•■■:, i'!\ tlu-«i- <K i.iiU au- liilly Llaburatcd ; hut it is important 
1 • 11 ■:«.• wlsat .i:'f tlir ■..! lUT.ii ir->i:li'- in\<'K\-d. or the history of 
^'^ >:a. I ■- l)V wliiili ilii indixiiiual attains its distin-iui-Nhini: 
I li.ii.iv III-. Tin- rir--t aualx-i-- ol the <'rL:anisin shows us that 
! ii- •.\>j j)riinaiy i harailt ri-^lic^ «'l oii^ani-^ni are form and 
:;;■ '-.v t!i. ami. in ili--i iil>i?i;.', any indivivlual ••i;j,anisni, to be c«)m- 
«'iir ilr- criptii 'ii nm-^l i;i«.ii:vK- an a^i-i»uiU of both the 
;.■...'/ and tlu- f''-]^:..'.-.^:)// ihaiavtiTs. From the 
:«■ ••! till- i«.I iii:- <!i \ t liijnii'. lit i^ a j)roce>s of di\"i- 
.! . ■: •:! "1 ai»-:a':k« «'!" .'• "i / 1 '/;///. //, ili vision ot 
■ " J r».l:-:!, i.r.. .v,". , ; /.'; /.' ■ 1 lu ■■rcat Coinpluxitv 

'. /i I '■: ..tin Ml 1- avv ' 'niijii-iii d. n«it by adtlition anil 
. ■.: •:' "1 n< w )>aituIr-< hum tiiit->iiK-. but it i-^ .i work of 
.. iiMiji wit'nin. lakiu'' in crudr plu'-ical matter, assimi- 
A'.'.A iixon-trui lin^ it, and then, by subdivision de- 
\t; :':!i;, tlir t;<.iur.il structure. In the higher organism the 
It -nil •>! this I l.ibtuation is seen in a griMl elaboration of 
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. lure and differentiation of parts, called organs, and i 

jjccialization of the (unctions of these organs 
riawifioatiOD of the Fonctioiii of a Tertebrate. — Analysis c 

\ specialized organism. s»cli as a vt-rlebrate, presents u 

ilircc groups of functions, viz.; Sustcntation, Genera 

and Correlation. 
; Sustcntation, or Assimilation, is seen in the variouj 

vscs of what we are accustomed to call growth, the ta 
111 ant] digesting of food, and the building up of tissue. 
In assimilation two kinds of results are attained. The 
,)hologic effects are technically called metabolic changes;, 
'-■ maybe divided into changes of two kinds; Constructive! 
' ■tabolism ; and Destructive, or Katabotism. The destruf^ 

[>roccss, or katabolism, results in two special functions! 
■lion, which is the preparation of products necessary td 
.tnabolism, or to the constructive work of the organismfl 

'Ixerttiott, or throwing off of useless products of 
. . ities of the organism. 

II. Generation, or Reproduction — vegetative multipHa 

III. Correlation, exhibited in higher organisms in two 
,■■; as {et) Contractility — seen in muscular action, and 

Irritability — as seen in responses to any exciting caus^ 
' iisation. 

In the following table is shown the relation of the system 
ins and special tissues to these groups of functions: 



1(1*) NatnlHre Alimenury f y«»m : mouth, stomuch, Inieitincs, el 

I (I^) Circolatlve Circulaiory tytlcm : hcarl, veins, etc. 

tExtrelory uigans*: kHncys. 
Reiplmiory organs : lungs, eic. _ 

Sc'ietury organs : liver, salivary gluul, pancreas, 
etc. 
I GeDf^ailvc organ* : oifurlcs, eie. 

tATtoM \ Auxiliary organs : cgg-captules. uierua, mammK, 

( etc. 
paatLATioH. 

If fixation. 



hill*) Conttaciloa 



I Buppun, prutrciioa. antl oflanc*. a* (arlb, clain 
(, konec, *1icll, cunl, etc. 
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Such are the steps of the growth and development of the 
individual by which it passes from a condition of homogen';- 
ous protoplasm to the elaborate organization of the highest 
animal. 

Are the Laws of Ontogenesis the Same as those of Phylogeneiii? 
— If wc arc right in stating that this increasing of the heter- 
ogeneity is an essential and fundamental law of organism, 
docs it follow that it is also an essential and fundanienial 
law in the processes of phylogenesis, or evolution of species? 

The Meaning of Function.— Before answering this question it 
is necessary to consider that the use of the term function, as 
applied to an organ or part of an organism, is quite analogous 
to the use of the term property as applied to a chemical or 
physical substance. The mineral loses its crj'stalline proper- 
tics when it is melted and the morphological arrangement of 
its particles is destroyed, although it is the same matter a^ 
before, and for the reason that the crystalline properties con- 
sist in the morphological arrangement of the molecules, not in 
their chemical composition: so the animal has lost its proper 
organic function when the physiological processes cease to 
oj3erate, aliliough the morphological form and constitution of 
the ori;anic structure still remain. As the cr^'stalline proper- 
ties are the peculiar marks of the mineral, so the physiological 
function-, are the peculiar marks of the organism, and, teleo- 
loj^icilly, the structure of the organism is built up for the 
purpo'.c of these functions. The (juestion thus arises: In case 
tlieie are hindrances t(» the accomj)lishment of the functions 
of any op^.misni as it develo|)s, is it not according to analogy 
in tlu; other t'lelds of nature to expect the organ to adjust 
it>eli to the hindrances tt» the extent of the capacity of the 
«'rL'.mi->ni to \ar\' its form? 

A mineral in c rysiallizin;^ arranL;es its particles so that, left 
frci ;.i expre>s its characteristics, a particular crystalline form 
wiil a}>|)(ar. If a plivsie.il obstruction aj^pears in its way, this 
i-'Mii will be iniperfiit. but tlie law of crystallization is ex- 
|)!« -■^t'ti as tar .1^ p«»ssil)K-; the u hoir process (»f crystallizati»)n 
il-i - p.- it ceasi- because of the himlrance to its pi'rfect action. 

ll we coii>iihr function to exist j>rior to. and lobe the 
rui.si'fi d\tri' 'if urg.inization, it is to he expected that func- 
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■ nal activity of growth and development will go on normally 
the expense of change of morphological form. 
Honnal Growth. — This explanation assumos that there is a 
rmal growth, and the determining of what is normal to 
nh individual is found in the ancestrj-; i.e., at the outset of 
•- (iibrv'onic growth the normal function of the development of 
tlii: individual is already determined. This includes the attain- 
ment of the morphological and the physiological characters of 
'it- clas5, order, family, genus, and species to which the 
:|^Anism belongs. The egg at the first appearance of the 
iiibryo is determined not only to be a vertebrate, but a bird, 
:" the order Rasores, of the suborder Gallinar, of the family 
i li.tsianidx, of the genus Cillus, and of one of the many 
. .irictics of the species Gal/us t/oims/itus. Such is the normal 
development for that particular embryo. The laws of the 
development in its cverj' step may be studied, and have been 
vven* fully traced in this particular case, and the knowledge of 
^Hic law is based upon the observed order of these steps in the 
^Bcvclopmcnt ; the inference which we naturally draw is that 
^hvcrj- new development of a similar egg will be the same. 
^B Vftinral Seleotion, as an explanation of the changes which 
B|ianspirc in phylogenesis, assumes that the slight adjustments 
of the morphological characters, which take place in the onto- 
genesis of the individual, are added to the determining factors 
of development for the next generation: that adjustments 
^^Bdch are very slight in each case, by accumulation from 
^^Hlcnition to generation, bring about the differences which 
^Hptinguis]! the various species, genera, families and orders of 
^Hke classes of the animal kingdom. And this is what is 
^^nant by "descent with modification." Instead of the idea 
^El descent along a uniform line, in which the offspring differs 
^HttDtily unimportant and strictly variable characters from any 
^B^ Its ancestors, the school of Darwin holds that the slight 
^^nriattonit observed (between the offspring and parent, or 
^MBOng the offspring of a common parentage) do not tend to 
^Hpcome less in .nuccceding generations, but that the variations 
^^we unequal values in retaticm to the advantage of the in- 
^^BHduiUi and in the struggle of individuals for life, those 
^^BWdlli*!* po»8C»sing the slighteat advaniacc over their fel. J 
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lows will, in the long-run, survive them in the race, and tk^^^ 
will increase and prevail while the others will drop out andbe^ 
lost. 

Definition of Ontogeny and Phylogeny. — In the analysis oi 
Huxley's definition of evolution (or development) the two- 
fold division of the history is adopted, which is expressed la 
part by the terms Ontogenesis and Phylogenesis, introduced 
by Haeckel. Haeckel briefly defined these terms, as follo«*s: 
Ontogeny, or Ontogenesis : The history of the development 
of the individual (including Embryology and Metamorphol- 
ogy); Phylogenyy or Phylogenesis : The paleontological history 
of the development of the ancestors of a living form. It is 
proposed to restrict the term development to the meaning 
expressed by Ontogenesis, and to restrict the use of evolu- 
tion to Phylogenesis. In Ontogeny we find the individual 
organism beginning with a great majority of its lines of 
devcloi)ment or steps of metamorphism already determined 
for it. Take, as an example, the crayfish, which Huxley 
has so interestingly dissected and described,* and of it we 
can sa)' at the first stage of the embryo that in case it lives 
at all, whatever the conditions of environment may be, it 
will dcveloj) all the characters of the branch, class, order, 
family, genus, and species to which it belongs. Its name, 
AsttuHs Jlnviatilis^ applies to it in all stages of its develop- 
ment from the embr>'0 up (Fig. 50). 

The Main Features of Development Predetermined before they 
Begin — We can predict before any trace of the characters 
appear (with as great a degree of certainty as we can predict 
the result of combining a given acid with a grain of chemical 
salt) what the path of development will be which the embrj^o 
will take if it conlinues to grow. It will surely develop a 
j< inU'd body, with the articulated limbs and chitinous crust of 
the Aithropoda. It will surely develop a breathing apparatus 
of ^mIIs situated on the maxillipcd and legs of tlie Crustacea. 
The aj)pendages of the cephalolhorax will certainly be an- 
tenna', and the specialized biting mouth parts of the sub-class 
Nc()carid:e, not the simple legs of the more ancient sub-class 

*"The Crayfiiih, an Introduction to the Study of Zool(»gy" (Appletons, 
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Paleocarida; it vrill have the twenty segments, the special- 

i/.t-d carapace, the pair of mandibles, the two pairs of locked 

I LixilK-c, and other characters of the order Dccapoda, and all 

!■-- peculiarities of the family Potamobiidas will be strictly 

rrtcd out. These concern the -Ahole of the morphology, but 

•iome characters of still less importance the certainty is 

■t so great. This individual will develop on the first somite 

- ring of the abdomen small appendages, — certainly if it be 

.i. male, and exceptionally if it be a female, — whereas, if { 
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itors had been the closely allied P.arastacid^, no append- 

t would be developed. Again, in all llic details of struc- 

c of parts it will be a true Astacus, and not a Cambarus, a 

lely allied genus; and finally, if it were taken to California, 

I placed under identical conditions with the native Aitacus 

^estfns, it would still differ in all its specific characters from 

t species — characters which consist mainly in differences of 

and prop'-Ttion of ihc parts, which are in number, 

kcturc, and function the same tor the two species. 

IrSUsht PoHtbl* Effect of EuTlroomeot. — Environment might 

kIocc slight modification in some of its very insignificant 

, but otherwise its total anatomy and physriploe] 
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were predetermined when it began its development. So il 
with all organisms. It was this fact, of the perfect repetit 
of all the essential characters of the ancestors in the i 
individual, that seemed, in the minds of the early natural! 
so absolutely to fortify the belief in the immutability 
species. The slight modifications in unimportant de 
appeared as mere accidental imperfections of the indivic 
But it was in these slight variations that Darwin founc 
secret of evolution. 



CHAPTER X. 

AT IS THE ORIGIN OF SPECIES?— THE PROBLEM J 
ITS EXPLANATION. 

We have seen that there are organic individuals ; that t 
ii'I, however complex their organization, begin as simple cells, 
.\nd pass through, in each case, definite stages of development, 
assuming by degrees greater and greater differentiation of the 
ccIL The chief stages of this development are the cellular 
segmentation, the formation of tissues in embryonic growth, 
and the attainment of maturity by steps of modification which 
arc in almost every observable particular the exact repetition 
of steps of modification which their immediate parents passed 
njtiirough in attaining their maturity. 

■ Tariatton and Mntabiltty Euential Presamptions in the Discni- 
Bfoo of Origin of Species. — The differences which tiic individual 
KjRscnts, when closely compared with its parents, are called 
^mtrialtiMts, or varietal characters. The characters which each 
^Bdividual possesses in common with its parents are classified 
Hpcording to their importance and permanence, and arranged 
Bl order from lesser to greater, as specific, generic, family, 
^fcdinal, class, or branch characters. 

^B It is a generally accepted belief that the assumption by the 
^bdivjdual of all of the characters which It bears in common 
^Wlh its immediate ancestors is sufficiently accounted for by 
^■bat are chilled the natural laws of reproduction; that the 
^Bght departure from e.N:act repetition is an insignificant and 
^Klciermitutte accident of all organisms, or that it is an cxprcs- 
^Kn of the imperfection with which the process of rcproduc- 
^ftn acta. 

^H Tbe theory of KoologJHts of the first half of the century 
^^k that the species were immutable; that variations were J 
^Kt cumulative, but were always simply variations, the spc- | 
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cics continuing so long as the race continued to reproduce in 
its original integrity. With this theory there was no way to 
account for species, except by assuming that the difference be- 
tween two species is intrinsic, and is not to be accounted for 
by the natural laws of reproduction. 

The problem of the origin of species came to be a ques- 
tion for scientific investigation and speculation at the time 
when the idea of fixity of those characters was replaced by 
the theory that variability belonged to the specific as well as 
to the so-called varietal characters. In other words, in dis- 
cussing the origin of species we assume that reproduction is 
not a process of exact, but of inexact repetition of characters, 
or of imperfect reproduction of ancestral characters in the 
offspring. 

Variability an Inherent Characteristic of all Organisms. — Vari- 
ability is thus assumed to be an inherent characteristic of all 
or<;anisms, and origin of species has primarily to consider how 
comparative j)crmanency of characters, and of diflferent sets of 
characters in different lines of descent, is brought about. 

The Origin of Form, not of Matter. — The origin of organic 
matter takes us back to the earliest stage of the universe, and 
as to a choice between a spontaneous origin from inorganic 
matter, or an eternal existence of the two kinds of matter, 
theories may differ, and for our purposes it is useless to in- 
(juire. Our search is for the origin of forms expressed by 
orij^anisms, and since our studies of paleontology present us 
with an orderly procession of changing forms, it is quite le- 
gitimate for us to seek auKjng fossil forms for a scientific ex- 
planation of the origin of the separate forms, which we call 
species. 

Definition of Species whose Origin is Sought. — The definition 
of species, quoted from Iluxley, will suffice for the present 
stai^t- of this study of science: "The species regarded as 
the sum of the morphological characters in cjuestion, and 
nothini; else, does not exist in nature; but it is an abstrac- 
tion, oljtained by separating the structural characters in which 
the actual existences, the individual crayfishes, agree, from 
those in which they differ, and neglecting the latter." 

Hut again: '* Species ' ' strictly morphological sense, 
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I imply an assemblage of individuals which agree with one 
itlier, and differ from the rest of the Hving world in the 
B of ihcir morphological characters;" and further, "in 
physiological sense, a species means, firstly, a group of 
mills the members of which are capable of completely fer- 
■ If union with one another, but not with the members of any 
lier group; and, secondly, it means all the descendants of 
primitive ancestor, or ancestors, supposed to have originated 
iiherwisc than by ordinary generation."* 

Meaning of "Orig;in of Speciei." — What, then, do we really 

![icar. when we ask, What is the origin of species? It is 

ml the sum of morphological characters, which Huxley says 

:)es not exist, but the morphological characters themselves, 

V wbich concern us. It is not the assemblage of individuals 

^■Slich agree or differ one from another, or the group of ani- 

^H|als which have certain capabilities and have certain com- 

^BfMi ancestors, whose origin we are seeking; it is t/u origin of 

^Blvfr differ encts and agreernents in morphological char act trs 

^BtAiV/t are the tnarks of the morpkologital species, and of llw 

^^^fabiUtifS and disabilHies which constitute the characteristics 

^Kf the physiological species, thai is meant by the phrase " ori- 

^mM t>/ species." 

^V Dentopment of Individaal Charaoters Known and Obterved. — 
^fcie naturalist is familiar with the devclnimient of the indi- 
^Wdunl; he knows very well that the adult diilers liy well- 
^^Bnrked morphological characters from the infant, and mure so 
^H^m the embr}-o; and he further knows that the stages of 
^^HVclopment are brought about by successive minute changes 
^HF (onn. The difference existing between the guniecock, 
^Hitb its complex phy:>ical organization and high qualities 
^^H CDoragCi skill, ami determination, shown while lighting its 
^^blow (o the death, and the motionless and apparently homo- 
^^HDcous yolk suspended in its bed of albumen, are differ 
^^Kce» brought about by the processes of ontogenesis in a very 
^^Bort space of time. 

^^ft IIm Iaw of DevtlopmeDL— The origin of the individual ur- 
^^■houin with ail it.s complexity, both morphological and gllttj 
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iological, is not explained by simply calling it developmoL] 
Development is the history of the steps by which these dur* 
acters are attained. It is the term by which we express the 
law of this histor\- ; and so long as the idea of the immutabil- 
ity of species prevailed there was supposed to be a particular 
law of development for each species. This law of develop- 
ment was alike for all the descendants of a common ancestor. 
By the expression law of development is meant a regularity 
in the order of changes or in the sequence of steps by whidi 
the results seen in the mature individual are attained. Every 
descendant of a common parentage was thought of as 
pas^ing through the same stages of growth in reaching its 
maturity. 

No Analogy between the Origin and Development of an Xmrnvti- 
ble Species. — The origin of the species from this point of view 
was explained, necessarily too, in some other way than by 
natural development; the reverent were satisfied with consid- 
ering it a special act of the Creator; others preferred to ex- 
plain it by the fortuitous concourse of atoms. Neither found 
any explanation in the natural laws of either generation or 
development. That there are different species and that new 
species have arisen were accepted facts; but the idea that 
different species could be explained by any laws noted in the 
development of the individual was not maintained. It was 
believed that the characters were specifically distinct for each 
sj)ecies, and that this difference was in itself original. 

Inorganic Properties and Organic Gharactera Compared. — The 
case was somewhat analoj^ous to our idea of two kinds of 
mineral substances, as gold and iron; as to seeking an ex- 
planation for their origin, we do not attempt it: we cither say 
llit.y were created so in the beginning, or they appeared 
si)oniane<>usly concurrent with cooling of the solar system. 
Tluir differences we Conceive of as their intrinsic properties. 
Sm with the idea <)f immutability of species logically there 
u.i- a^-ocialed the other idea, that the characters both mor- 
phMl«>;^ical and physiological are essential properties or 
<iualilies of the species, and it was no more to be expected 
thai one would ask why do birds have feathers and dogs have 
hair, than why is gold yellow and iron gray. The sufficient 
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jrer in each case was, they are the natural properties of t 
ies. 

!hB Idea of Untfibility at the Foundation of the DiKneaion of tha 
I of Species— Thus we see that the attachment of the 
of muIabiUty to organic species naturally led to the 
liry as to the origin of the properties or distinguishing 
s of different species; and still further, it led to the dis- 
\ of the characters from the species, causing them to 
"- ■ considered separately. The difference in point of view is 
-adi<:al one, and the great amount of dispute and contro- 
.;.rsy which has resulted may be traced in great measure to 
the radical difference of meaning which the two schools 
attached to the word species. To a naturalist of the older 
ideas it ft-as as absurd to speak of the origin of species as to 
speak of the origin of gold; both of these were supposed to 
occur in the world naturally, and that was enough. 

What ii MntableT — When we speak of mutability, then, we 
ask, "What is it that is mutable?" Physiologically, the muta- 
ble clement about species is the steps of the development ; that 
is, there is not a perfect fixity of the law of development of 
the offspring when it starts upon its individual career as an 
*aiibr>'o. Morphologically, the mutable characters of the 
cics are among the most unimportant of tlie characters it 
iumes; for each individual of the species they arc called its 
Irietal characters. 

I A Concrete Example ; Its Characten Symbolically Bepreunted. 
Bn order to fully answer the question what is mutable, 
J therefore what is it that is evolved in the course of the evo- 
lution of a new species, we arc obliged to consider a concrete 
case. Wc must take an actual individual specimen of a 
rticular species, and ask, What is it about this specimen 
Jitsm which is mutable and has arisen by the evolutional, 
■distinct from the developmental, processes of the individual 



Such an example, whatever it be, has numerous characters 

ich are recognized by the systematic zoologist, and arc 

)dkA by him under separate heads arranged in the order of 

, the whole constituting the taxonomic dcfmition of the 

r tpeci es. To express the relation of these characters 
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to each Other and to the individual it is not necessaiy 
describe them, but symbols may be chosen to stand for thoi^^ 
and by examining the symbols we may arrive directly at the' 
meaning of the expression '^ origination of characters and 
species. 

If we then express the morphological and physiologiol 
characters by symbols, using the letters B for the characteis 
of the branch, C for those of the class, O for those of the 
order, F for those of the family, G for those of the genus, 
S for those of the species, V for the varietal characters, and 
the numerals I, 2, 3, 4, etc., for the different types of eadi 
category, we may combine these symbols in such a way as to 
express the sum of the characters of a particular individual 



organism. 



Spirifer striatns Martin, var. & Logani Hall, taken as the li- 

ample. — The example chosen for examination is a well-known 
fossil, specifically recognized in each of the continents in 
liincsiones of Eocarboniferous age, Spirifer striatus Martin. 
The variety which is found in the Keokuk limestones of the 
Mississippi valley is called Spirifer Logani Hall in the ** Iowa 
Cici»l(»^ical Report '* (vol. I. pt. 2, PI. XXI., p. 647). In order 
to fully define this specimen and assign its place in the classi- 
fication of organisms we must refer it to the branch Mollus- 
i'(>/(/t(r (B r>) of the Auiffta/ Kifij:^(ionij'^ to the class Brachiopoda 
Dunicril (C 1) and subclass Artliropomata Owen, to the 
oi\lor Tclotrcmata (O 4) of Heecher,+ to the suborder Hcli- 
co/'t'i^uidtii \Yaai;en, :{: family Spirifcridie King § (F4), sub- 
family Trij^onotrctaria Schuchert, ' genus Spirifer Sowcrby^ 
(Cx 10), si)ecies striatus Martin,** and variety (so-called 



*Cl.iii< ami St'il^jwiclx, " Kicmrniary Tcxt-!x)ok of Zoology," translated and 
Ciliitd l-y Ailam Soinwick, wiih the assistance of F. G. Hcathcote, part II. p. 71, 
Li'iidnii and New York, 18S4. 

f .//';. 7''/". -V*/.. stM. in. vol. Xl.l. p. 355. 

X /\i.'.f ;//<V,>-/<i /n.iiiii, s<.*r. XIII., *' Salt Range Fossils," by William Waagen, 
Pi. I., ' Piiitlui iii-^-liinestonc fcssils," iv. p. 447. Calcutta, 1883. 

>:; lh'»s. Davidson, "British Fossil Biachiopoda," vol. I. p. 5 1. PaUonto* 
graph. NN ., London. 1853, etc. 

\ Am, (/>.'/.. vol. 11. p. 156. 

•; Sthiulnii's list. Am, GeoL^ vol. II. p. 156. 

** See Davidson's " Brachiopoda." vol. il Pt. V. p. 19. PI. II. and III. 
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Species) Logani Hall.* Taking Miller's "American Paleozoic 
Fossils, "t we count this as species 115, and variety 2. 

Thus, to express it symbolically, we should have the 
formula for the characters developed in this single particular 
species = B6+C2 + 044-F4 + G 10 -(-S 115 +V2; 
and all of this is implied in the common scientific name for the 
species, Spiriffr Logani Hall. 

This expresses the morphological characters of the species 
arranged in the order of their respective ranks. 

Hew BpecieB Conceived of as Arising by a Process of Tariabls 
Characters becoming Permanent. — Thus it is seen that there 
are various degrees of mutability of the characters expressed 
by any particular specific individual. The accounting for the 
repetition of the characters already known in the ancestors 
is by the natural laws of generation. In the example before 
us the characters represented by the symbols (B 6), (C 2). etc., 
to (S 115) are supposed to be relatively fixed characters so 
far as transmission by generation is concerned, but the 
characters represented by (V 2) are distinctly mutable in 
generation, the descendants expressing them with varying 
di^rccs of modification from their ancestors. These varietal 
characters in the course of successive generations either {a) 
drop out by degrees, {b) do not reappear at all, or (c) con- 
tinue to reappear in the offspring In case they continue to 
appear in the offspring, then they become added to the more 
permanent specific characters, and when so added, in place of 
(S 115 + V 2) we have (S 116), or a new species, all the other 
characters remaining the same. Species (S 1 16) may be sup- 
posed to show further variation, and (S ii6-(-V3) and 
(S ll6-(-V4) appear, and assume the same relations of 

tition by generation, forming species (S 117), (S I if), 
but after a time the species (S 1 16), (S 117), (.S M^), 
k 19) become dominant. (S 115). (S 1 14) drop out. and we 
new genus {G i ij. composed of the newly arisen 
specie* 'S 1 16), (S i 17), (S 1 18), and (S 1 ig), the constancy of 
what was once a specific character becoming more fixed, and 

• •' Geo). Surrey of Iowa." vol. i. pt, i, " Paleontology," by Jamn Hall, p, 
6|7. Plole XXI. 

t»l Etf-. p. 374 
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the characters reaching a greater prominence and constituting 
the marks of another higher group, and then they constitute 
distinct generic characters. 

This theory of the origin of species accounts for ths 
morphological appearance of the new species by supposing 
that the future specific characters were first in the state of 
simple varietal modifications of the parental fonns, and be. 
came fixed and permanent in the course of regular develop 
ment in the whole or a part of the members of the descended 
race. Those members of the race permanently developing 
the new characters constitute the new species. 

The varietal character may be algebraically expressed a 
either a plus or minus quantity; i.e., the variety may diflei 
from the typical species by the addition of some slight cbar 
acter, or by the absence of some character, possessed by thi 
normal species. 

Characters of any Particular Specimen Differ Oreatly ii 
Antiquity. — In regard to the antiquity of the characters the 
following facts are known, as expressed in the following table 

TABLE REPRESENTING THE VARYING ANTIQUITY AND DIFFERENT CM 
LOGICAL BANnE OF THE CHARACTERS OF AM EXAMPLE OF THl 
SPECIES SPIS/FEK LOG AN I HALL. 
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"he varietal characters, expressed by the name Sp. 
mi Hall, appeared geologically for the first time in 
<uk limestone in Middle Eocarboniferous time in ^ 
nCA. The specific characters, represented b^' ^^^ 
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name 5. strin/us Martin, are found in all parts of the world 
and are characteristic of limestone rocks of the Eocarboniferous 
period,* The generic characters of the specimen named S/ir- 
ifrr began to appear in Eosilurian time and continued to appear 
till the close of Paleozoic time. The family characters, Spiri- 
fcridn:. do not date back earlier than the genus, and ihey con- 
tinued to appear till the Jurassic era. The ordinal characters, 
Tclotrcmata, began in the Eodrdovician period, and species 
developing the ordinal characters are living at the present 
time. The class characters, Brachiopoda, appeared among 
the earliest Cambrian fossils, and are represented by numerous 
species and genera in the seas of the present time, and the 
same may be said of the branch characters, because we have 
reached the beginning of our record. Thus it is seen that the 
form of organism, called Spirifer Logani. although it has been 
e.\tinct tor millions of years, developed certain characters, 
described as ordinal and class characters, which are still being 
repeated in organisms now living; and although the species 
is characteristic of the Carboniferous em, and did not appear 
earlier or later, it developed characters (genera and family) 
which began as early as the beginning of the Silurian, and 
others which began in the Ordovician, and still others that 
began as far back as our record goes. 

The Majority of the Characters of a lo-called Hew Species have 

Appeared Before When we say, then, that at a particular time 

in geological history a new species arose, we do not mean that 
the new species differs in toto from its ancestors, but that a form 
li.is arisen which, agreeing with them in the great majority of its 

;ructural characters, yet differs from them by certain so- 
i.illcd specific characters, their specific rank being indicated 

iv the fact that they are transmitted to their offspring with- 

rt modification. The fact of their constancy is all that dis- 

■ I nguwhcs these characters from varietal characters; and the 

generic characters are like specific characters in this particular 

being tran-imitted without observable modification from 

icration to generation. 

Theoretically, however, it is assumed that this pemia- 
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!.v:.jy i> or.'.y rc\i:ive: that, somehow, the higher characten |^ 
■V V :v..^ :v.. ^i-.r.cJ. as well as the lower. Thus it is supposdl 
:.:a: 'n ^.:c>. i;radual nioditication, taking place in the cou« 
v' j;. v..\i"v'i:iv:.r. descent, successive individuals arise whid 
vi ::.': s-.^^c-.r.ca.'.v from their ancestors, later others which at- 
:.. -. i;i*vr:j v::::crc:icc. and after a great many gcneratir»ns 
:>.v :.i-.v..'.\- v>..ir,ic:cr> are changed ; and still later they diner 
V .v'.r.A.'.v. .iv.vi. :hv\^:o:ica'.;v. even such radical differences of 
>::;;,.*: .::o ,i> J.-.>::::j;;::>h one class from another may be thus 






Fixed Ch^r^oters those which are Transmitted TTnclianged in 

Nav.;v;\". Descent.- I-.". v^rJ.:nar\- natural development, or onio- 

^,. '.- -. :>.v:;.* i-i .i ".iw of constancy regarding all the charac- 

: . - V \; V --. vl ':n :'::^ <>:r.ho'.< H 6. C 2, etc., to S 115. These 

■ .\ .'. :>..•: v\...v.i :::c r.xcd characters of the species at any 

-. ... .: :::v.v. ,.r./. :v^ ir.J.ic.itcd bv the letter M. But, as 

A. .. v\v\i ".V J.. '.:\ i:w c.^urse of time among the de- 

-V , . . :- -.'.A .■..;v.i: .i r.ew j^L'nus, G II; the p<^int (»f ge*^ 

... :>v.v\ : ::'..' >M^^" y^ the history, marking such an 

. .. ' • .\ ■..:'; :''.. ".v 'A n:hv":cs assumes dominance in indi- 

\ , .. v" : '.v' ^'M :.••••.'» vl:. «p i»i;t, and leave a gap in the 

., . ". ' • •*-.'.\- . -* M ".v./.x :k' «.'. 'nsiilered as expanding at 

•.'. '..* ". .\' ■• \\ ^.r.ovic ^.h.iiactcrs, or we mav con- 

. u ..V *...- ..^ .;! - :*.^ .IS an offset from the old 

'.: w .. i^ ^. . •*. ::'..i: ,i".'. t:u* iiuiividuals possessing the 

s . ..■..••' M \s'\'.'r. .1 ^. •.'.*:*.•■ :: race, .iiul that divergence ol 

... ':.\vvk'.- !:»*'.n \,ii:. :..".. t i'.: . •'.■.l:;'. ^iHcitlc, generic, family. 

V h.i:.;v tv ■^. ..'..'. :'. :>..- «:vUi- h\.vc ''ivcn; and that the 

.. ''-.i-v''. v'-.i-'^. .'■.!ri. vU'.. .iu* I \p:L'S>ive of the natur.il 

. ■.'. ■■'. :,\v.\ »'t •.'.r.'.^.'i t.rici' *■: l\w ch.iv.ictcr^. in their an- 

t;. " \ ^:^i '.:\ llu'll Mxitx . 

1 

R.r.;k ^^f Chiiraeicrs. the Precision of their Reproduction, and 

their All! upiity 1: uv .iii.nv^i tlu- vh.ii.ulrrs in llie inverse 

-.!.'■.. tlv..- \'. S. u. 1*. lU. . w I- \\A\c I xprcsN^d the ch.ir- 

■ :"•.. .■;»!ki- I'f lliiir i:u?i .i^-i:! ■ inm.'rtanec. increa^^in;: 

■■\:\. .-.::.; v'-'M-^taiicy "f lliiir k^ih ti*. i- «;: hy ge:uTatitin. 

i; . •. i^ i;n> --ii-:! t.» lu- .1 l.iw of ri-l,ili"n existing betwci-n 

l!i. V i i:.mu\' .i:ul .ucu-ai >■ «»t rcju'lilion in repn»iluction. and 

the nimluT iif limes the repnuluciinn cycle has been re- 
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This leads us to the further analysis of this pre 
|h« fiastirity or the permanency of the charactet 

f PluUcity of Characters In the characters recognized as 

istic in the development of the individual there is ] 
Buatmcnt to changed conditions. So long then as any char- 
I a plastic, undeterminate condition, it is evidently 
t es&ential. All varietal characters may be regarded as in 
\ a condition. The theory of Darwin explains that these 
ktativc characters will necessarily prove of advantage or of 
■advantage; it may be extremely slight, but, in a close con- 
, sufficient to give the possessor greater or less chance of 
b-ccss in the struggle for life; and the perpetuation of such 
practcrs will be brought about by the living of the possessor 
: favorable variation to perpttuate its kind, and the 
of the others. 

Origin of Specie! from the Phyiiological Point of Tiev. — At 
B point we reed to consider the origin from the physiologi- 
I standpoint. The name for the process of assuming mor- 
lologica] and physiological characters by the individual is 
v/i>/wirw/, as has already been explained. Reproduction is 
that process by which one set of individuals initiates the cycle 
of development for a new individual. The principle deter- 
initiing the repetition of like characters in the parent and off- 
spring is catted Iltredity or Inheritance, Variability is the 
principle expressed in the tendency of all vigorous organisms 
to exceed the mere repetition of ancestral characters by diver- 
gences. Uarwin's theory of the origin of species was pro- 
1 to account for the existence of different species by a 
piysiological process, 

Danrin'i Th«oiT of the Origin of flpeciea — The full title of 

v'ork is, '■ Theory" of the Origin of Species by Means 

f Natural Selection, or the Preservation of Favored Races in 

e Stniggic for Life," and its chief points arc the (ollowtng: 

Vtiriability Darwin found to be a natural law in l 

Hopmcnt of all plants and animals. 

, Artificial StUction. — Darwin observed that men, , 
elil^, under domestication, plants or animals wh 
bdy possess particular varietal characters, can, by breeding 
^and by i>rcven(ing their .mixing with olh«r , 



'^L 



- ■ > 
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varieties, perpetuate the varieties, or can cause a nee ^^t'*; 
grow up in which the varietal characters shall become rdatii«r'-- - " 
permanent. Numerous facts of this kind are familiar, as oBtJ*^?'" 
common breeds of horses, cows, pigs, domestic pi 
flowers, fruits, etc. As illustrative of the extreme modi 
tion possible, the greyhound and the pug-dog may be dlei 

3. Darwin further observed that varieties occur v 
natural conditions ; that there are doubtful species, or i 
which are intermediate between the typical species. 

4. He found by an analysis of the plants of twelve co* 
tries, and the coleopterous insects of two districts (and tb 
result was confirmed by later study), that tAe larger gctai 
present the greater number of varieties and are the more widdj 
distributed. 

5. The natural increase of organisfns by generation is 
vastly in excess of the actual number reaching maturity; w- 
crease is by geometric ratio, but the increase of adults is, at 
best, only a very slight arithmetical ratio, Linn6 showed that 
from a single plant producing only two seeds, if all the seed- 
lings were to live, in twenty years there would arise a million 
plants. Darwin estimated that from a single pair of elephants 
breeding at the age of thirty years, and continuing breeding 
until ninety years old, producing three pairs of young in the in- 
terwil, at the end of the fifth century there would arise fifteen 
million elephants alive at one time descended from the first 
pair. 

6. There arc innumerable checks to increase, as nature of 
climate and of food, but particularly mutual checks, as strug- 
gling of individuals for the same food, or for the same set of 
favorable conditions. This is the general law of struggle for 
existence. 

y. Xatural Selection, — Darwin then argued that the con- 
ditions of environment; the abundance of food, or lack of it; 
the f.ivoring climate, or the opi)osite ; the accessibility of 
f«»M(l. or ilifficulties in the way of obtaining it; would all work 
together anil separately, .is either favorable or unfavorable 
contlitions for each individual, according as he was more 
poorly or better adapted to live under them than his fellow; 
that each of the characters of a varietal nature must have 
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-"me slight value in favor of the possessor, or against him, in 
;!ie struggle: the result would be the extinction of those less 
well adapted and the preservation of the more favored— i.e., 
a survival of the fittest. This is the law of natural selection, 

8. Darwin further added the principle of sexual selection; 
that is, that variations in habit, or even in color, are adapted 
to cause a selection in pairing, which will lead to a further 
perpetuation of certain characters and the isolation of varie- 
ties into breeds, and thus the formation of species proper, or 
l.irger groups of individuals, repeating by reproduction the 
originally varietal characters of the few, 

g, Darwin noticed that divergence of characters is pro- 
duced in animals and plants under domestication, gradually 
and as the result of continued artificial selection; hence he 
inferred that the selection acting in nature will also tend to 
perpetuate more and more markedly the strongly contrasted 
varieties, the intermediate ones blending with the stronger 
types; thus, he believed, the differences, or gaps marking 
species from species, are formed. 

There were other laws of variation which he noticed. 
That use tends to develop, disuse to suppress characters, had 
already been emphasized by Lamarck. Habit or custom 
favors certain characters. Correlation of parts in growth 
tends to cause variation in other parts, as adjustments to 
ch.tnged organic conditions, and many others; and the facts 
of distribution of organisms were found in line with this theory 
of origin of species, and palcontological succession is in har- 
mony with it. In his sixth revised edition of "Origin of 
Species," published in 1888, Darwin says definitely: " I bc- 
Jie^-c that animals are descended from at most only four or 
ive progenitors, and plants from an equal or lesser number. 
fAnalogy would lead me one step further, namely, to the be- 
Tbef that all animals and plants are descended from some one 
ototype."* And in the closing passage of the book he 
US up the essential points of his idea of the origin of 
%ies. speaking of the laws by which all animals and plants 
Ve been produced, thus: " These laws, taken in the largest 

* Vol. II. p. !9g. 
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sense, being growth with reproduction; inficritance^^iixit^t 
almost implied by reproduction ; variability from the indiitdl 
and direct action of the conditions of life, and from use lal] 
disuse : a ratio of increase so high as to lead to a i/mjgirl 
for life^ and, as a consequence, to natural selection^ entailintl 
divergence of characters^ and the extifiction of less improved^ 
forms. There is a grandeur in this view of life, with its sev- 
eral ])owers, having bemi originally breathed by the Creator 
into a few forms, or into one, and that, whilst this planet bai 
been cycling on, according to the fixed laws of gravity, from 
so simple a beginning, endless forms most beautiful and motf 
wonderful have been and are being evolved." * 

Do Characters become of Higher Eank u they an Tranmittiil 
— The natural and general inference from the Darwinian ex- 
planation of the origin of species is that variations, by selec- 
tion and invariable transmission, become, in the course of 
generations, fixed and permanent characteristics in the off- 
spring, which removes them from the rank of variations to that 
of specific characters; by degrees in the course of more genera- 
lions these same characters are supposed to become of higher 
rank and constitute the generic characters of their descend- 
ants; and in the same way further fixation and repeated in- 
heritance might make them to become still more important, 
and thus toaltain ordinal and finally class rank in classification. 
The paleontologist may with good reastm ask if this be the 
fact. Are early genera made up of species whose distinguish- 
ing specific characters constitute the distinguishing marks of 
genera of later times ? There are those who question the 
truth of this proi)nsition as a matter of fact. 

Evolution of Oenera and Acceleration and Retardation The 

npinJDn was expresseil by E. D. Copcf that the evolution of 
L;eiuric characters has i)roceeded in a different manner from 
the evolution of specific characters; that the evolution of 
j^iiuric and of specific characters has not been />ari puss n, but 
iiuKpendently of each other. He further distinguished two 
special laws of evolution — the law t>f acceleration and retar- 
dation, and the law of natural selection. 

* Paurs 305, 3^)6. 

t "Origin of the Fiurti: Essays on Evolution," p. 43. New York, 1887, 
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The essential idea set forth by Cope may be found in the 
following quotation from the chapter " On the Origin of 
Genera": 

" There arc, it appears to us, two laws of means and modes 
of development [evolution]: I. The law of acceleration and 
retardation. II. The law of natural selection. It is my pur- 
pose to show that these propositions are distinct, and not one 
a part of the other: in brief, that, while natural selection 
operates by the ' preservation of the fittest,' retardation and 
acceleration act without any reference to ' fitness' at all; that 
instead of being controlled by fitness, it is the controller 
of fitness. Perhaps all the characteristics supposed to mark 
generalized groups from genera up (excepting, perhaps, fami- 
lies) have been evolved under the first mode, combined with 
some intervention of the second, and that specific characters 
or species have been evolved by a combination of a lesser 
degree of the first with a greater degree of the second mode." 
Orowtli-force or Bathmism. — The defenders of this view are 
called by Wallace, in criticising them, the American school 
of Evolutionists.* There is assumed to be a special develop- 
mental force, called growth-force or " bathmism," which is 
exhibited in variation itself, and becomes effective, as phylo- 
gcnetic evolution, through retardation and acceleration, in the 
same way as the force which is expressed in natural selection 
operates through the death of tiic unfit and the survival of 
the fittest toward the evolution of species. 

Til* Origin of Species Still an Open Qnettion. — Many other 

theories have been advanced to explain the origin of species: 

the examples above cited arc sufficient to explain the nature 

of the problem; but it ts aside from the purpose of this 

treatise to go into detail in the discussion of theories. 

^^ It will be observed from the statements already made 

^^BSt the two great factors in evolution and the origin of spe- 

^^Bes arc species and mutations. Species with the repetition 

^^M characters and the adjustment to environment arc facts 

^^nrhich every naturalist is more deeply aware of the fuller his 

^ncnowlcdgc of organisms becomes. Mutation, or the acquire- 

1. 4ao. This Amerioan scboi)] is in uther placet 
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mcnt of variation, is also a conspicuous fact in nature. T* 
explain the origin of species involves the accounting for Aei 
becoming fixed or permanent of variable elements of orgam- 
zation, as well as the accounting for the previous variabilitj 
of the characters now fixed. 

Darwin's theory and those like it are chiefly engaged ia 
accounting for the acquirement of permanency of originaDf 
varicible elements. The Lamarckians and Neolamarckiansare 
chiefly interested in accounting for the variability. While 
natural selection is effective when the differences themselves 
are already on hand, it assumes variability to be a fact without 
exj)laining it. It is necessary to account for variation itself, 
aiul those who assume, that any structural modification which 
an organism may acquire during its lifetime may be trans 
mittcd ti) its offspring, necessarily emphasize the effects of use 
and disuse, the retarding or accelerating of growth, and, in 
[^cncnil. all the factors of variation tending toward variation 
of the individual during its life. 

It is in the field of observation rather than in speculation 
that the solution of these questions is to be found. So soon 
as wc admit the possibility that the transmission of characters 
from one generation to another may not be absolutely con- 
stant, wc throw back the whole discussion into the field of the 
act Hill laws of progress in [generation. If the organisms have 
varying decrees of the growth-force, if they can in the least 
(Ic^rre choose for themselves the course of development of 
their organization, the whole problem of evolution may be 
account t-d for by the operation of this force — a force which 
tlu*n becomes the most important factor in the case. But 
before we can reach a final theory of the origin of species 
we neeil to know what the facts are. Hence it is that the 
whole subject of variation, both in living forms and as ex- 
prt'sM'tl in the historical series, is of vital importance. Not 
only is variation an intrinsic law of organic generation, but as 
has hetn shown with overwhelming force, the discontinuity 
wliicii we observe separating the character of one species from 
tiio^e of sj)ecies next to it in likeness is not a result of natural 
selection, '* nor has it its origin in environment,** " nor in any 
phenomenon of adaptation, but it is in the intrinsic nature of 
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organisms themselves, manifested in the original discontinuity 
of variation y * 

It is certain that more light is required upon these funda- 
mental factors of evolution before the final word can be said 
upon the origin of species. That which distinguishes the 
species, in contrast to the variety, is the constancy of transmis- 
sion of its specific characters, but it is evident that constancy 
here is not absolute constancy — at least it is not known to 
be absolute. 

In variation, the nature, causes, degrees, and rate of 
variation are the subjects of investigation which now promise 
to give the true explanation of not only the nature but the 
origin of species. 



* " Materials for the Study of Variation, treated with especial regard to- 
Discontinuitj in the origin of species/' by William Bateson, London, 1894, p. 
567. 



CHAPTER XI. lr> 

THE PRINCIPLES OF NATURAL HISTORY CLASSIHa' 

TIONS. 

Illustrated by a Study of the Classification of theAnuul 

Kingdom. 

For a clear understanding of the meaning ot the origin o( 
species it is essential to consider the nature of the nomenclature 
of the classification of organisms We have already consid- 
ered what species are and what the organic individual is, and 
how development is an appropriate term for the growth and 
perfection of the individual, and how evolution pertains to the 
proi^ressive modifications of the successive species of a genus. 

Classifications in Natural History. — Classifications and sys- 
tems of classification in natural history are but methods of 
expressinj^, briefly, almost symbolically, the knowledge we 
already possess of the characters of organisms and their rela- 
tions to each other. A single word, the name of a class or 
order, or even the specific name of a species, stands for all the 
morphological and physiological characters peculiar to that 
species, order, or class. Hence such terms are highly tech- 
nical : and though it may not be possible to learn the full 
meaning of any of them in a brief course of lectures, it will 
be possible to describe the right manner of using them, so 
that the knowledge of the details will be arranged in an or- 
derly manner under the proper heads as it is gradually ac- 
quired. 

Species and Oenns of Aristotle. — As the facts of biological 
science have accumulated it has been found necessary to dis- 
tribute them in some systematic manner, and for this purpose 
a number of arbitrary divisions having definite names has 
been gradually evolved. The use and meaning of these names 
will be most easily explained by a brief examination of their 
development from the terms Species and Genus of Aristotelian 
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Sfiecifs, the translation of the Greek term mi6o;, meant, 

ien applied to organisms, those having a number of like and 

ailiar characters. Genus, the translation of the Greek 

, in logic was that which can be predicated of things 

IRering in species, and as a biological term it was applied to 

roup which included several different species. 
I 8nli{fer'B Terms. — Scaliger expanded the Aristotelian no- 
claturc: by him Individual was used to indicate a single 
lant or animal), distinguished by having a separate 
y, and having a separate and independent activity. Sftt 
used in the Aristotelian sense, but Genus was found 
rec degrees of importance: the Genus proximum, the 
tiium. and the Genus summtim. 

\ The Terms of Liiini.—Linne (1735-1766) classified organis 
Kh plants and animals), retained the name Gftms for the 
'iKtts froximum of Scaliger, and proposed the term Ordo for 
•nus medium and Classis for Gi-nus sunit/ium. 
Cvnti't P«rfectioa ot the Bomenolature and the Present Usa^e. 
— These names were later adopted by Cuvier. about the be- 
ginning of the present century, and he added the term Jim- 
braNfhifient, or Branch; and thus was established the nomen- 
turc still in use in Biology, which in English is as follows: 
^jKdh'idual, Species, Genus, Order, Class, and Branch (or Sub- 
Hnogdoiiit or Phylum, or Type). To illustrate the meaning 
Hjtf these divisions the following examples may be given: A 
^^Bck and a bay horse would bo called two individuals of the 
^^Bne species. The horse and the ass are two species of the 
^^BCic genus {Equus). A horse, an ass, and an elephant all 
^Hlong (o one order yPaehydermald). The horse, ass, ele- 
^Hnnl, and lion are of the same class {Alammalid). AH these 
^^Buld be united in the same branch with the alligator (the 
^^nnch Vertebrala). Further subdivision has been very c«m- 
^^■mly made of the order into .suborders or families, viz., the 
^^pnily of Elepkantida. including the elephants .and the mas- 
^^Bdon, and the family of Etjuida, including the horse and the 
^Hipparion. 

^H Tka CUusification of Cvvier. — Linni recognized ^x classes 
^H'lhc Animal Kingdom {Mammalia, Atvs, Amphibia, Pincrs, 
^^jpgatt Vtrmes). Cuvier made great progress in the distinc- 
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tion of the lower animals. He recognized four branches(il» 
inalia Vertcbrata, Animalia Mollusca^ Animalia ArtindiU, 
Animalia Radiata). The first four classes of Linn6*s syi- 
tcm were united to form the first branch of Cuvier. Ike 
most prominent character uniting them was the possession 6l 
an internal skeleton, bound together by a segmented vertebnd 
column. The second branch of Cuvier, called Mollusca, in- 
cluded six classes {Ccphalopoday Pteropoda^ Gastropoda^ Acefk- 
a/ci, Brachiopoda^ Cirr/topodd), and the conspicuous charac- 
ters of the Mollusca were the possession of a soft, bag-like 
body, enclosed more or less completely by a hard exterior 
shell composed of one, two, or more parts. Cuvier called the 
third branch Articnlnta, including in it four cldiss^s {Annelida, 
Cntsfdicdy Araclinida, Insect a). The chief character in this 
branch was the segmented external skeleton, composed of 
joints with lateral articulated appendages. The fourth branch 
was Radiata, and inchided five classes (£'r/////^ri'Irr;//j, Inicstinal 
Won f IS, Aca/ip/ur, Polypi, Infusoria). The prominent char- 
acter was the radiate structure, typically exhibited in the Star- 
fish or Sea-urchin, but ignorance of internal structure led to 
the association of many unlike forms. Since Cuvier's time 
great advance has been made in the knowledge of the struc- 
tural anatomy of animals, esi)ecially in the smaller and lower 
on^anisms, and many other classifications have been proposed, 
but the majority of Cuvier*s classes have remained. Animals 
referred to some of the classes by Cuvier. and some newly- 
discovered animals, have been made the types of other classes, 
and stricter definitions of the classes already established have 
been made. 

Uniformity of Usage of Specific and Generic Names. — The 
braiulies have been considerably remodelled, especially by 
later zoiilogists, accordint^ as one or other organ or system 
nf organs has been taken as of chief importance in distin- 
guishing the gr(nii)s. Of the later classifications those ol 
Leuckhart, Huxley, Claus, (iegenbaur, and Lankester have 
expressed new points oi view in the arrangement of the or- 
ganisms, but in all the confusion of systems a common usage 
has grown uj) in the a])pIication of specific and generic names 
to animals and ])lants, and these have constituted the standards. 
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At the present time hardly two standard authors of text-books 
<A Zoology or Paleontology will be found to apply the no- 
menclature of classification in the same way throughout ; that 
is, they will not distribute the genera in the same manner, or 
will jjivu different value, or will apply different names to 
orders, families, and classes. 

Selection of a Standard Clasaiflcatloa. — It becomes necessary 
to use some standard in the matter of classification, and Zit- 
tel's '• Manual of Paleontology" may be selected as the stan- 
dard in the present case. Editions of Zittel are published in 
both German and French, but at the present time (1895) no 
English edition has appeared.* 

Differences of Opinion regarding the Kank of the Characters 

The difference in usage of the nomenclature of classification 
is determined by differences of opinion as to the ta.xonomic 
value or rank of characters expressed by the organisms 
father than by any difference in recognizing the characters as 
of fact. Classifications, therefore, although differing 
I the hands of different authors, may be used with precision 
Ivhen considered as descriptive of the combination of char- 
expressed in actual organisms. 
There arc several standard classi6cations of more or less 
ommon use among paleontologists, three of which may be 
icrc referred to: Claus and Sedgwick's, as given in ■" Ele- 
mentary Text-book of Zoology," 1884; Zittel's classification in 
' Handbuch der Paheontologie. ' ' vol. I. . 1 876-1 880 ; Nicholson 
and LydekWer. '■ M.inual of I'aleontology," 3d Ed.. 1S89. 

Clans and Sedgwick's Definitions of the Nine Branches of the 
Animal Kingdom. — Brief definitions of the nine branches, as 
given by Claus and Sedgwick, are a,s follows, viz. : 

•' IVotosoa. — Of small size, with differentiations within the 
H^BTCodc, without cellular organs, with predominating asexual 
^Reproduction. 

^^B " Ctrltnterala. — Radiate animals segmented in terms of 
^^K4. or 6; mcsodenn of connective tissue, often gelatinous; 

^^Hr*A briefer lexE-book in German has appeared : " GnindiQgr der Palxon- 
lologie (Paljetuooiogic)," vun Karl A. von ZJuel. pp. i-viii, i-gji. and JcyS 
figufo: Munich, 169;. An English Lraiislatbn of ihU norh. wilh luiti' irvitiou 
{)j[^K^iw.MleODtplOKlt(s, is in prcparalion. 
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and a central body cavity common to digestion and di 

tion (gastro-vascular space). 

'' Echinodcrmata, — Radiating anicnals, for the most pit' 
of pcntamerous arrangement ; with calcareous dermal skd^ 
ton, often bearing spines; with separate alimentary and va»> 
cular systems; and with nervous system and ambulacral feet 

** Vermes, — Bilateral animals with unsegmented or urn- 
form ly (homonomous) segmented body, without jointed ap- 
pendages (limbs), with paired excretory canals sometimes 
called water-vascular system. 

'' Arthropoda, — Bilateral animals with heteronomously- 
segmented bodies and jointed appendages, with brain and 
ventral chain of ganglia. 

** Mollnscoidea, — Bilateral, unsegmented animals with cili- 
ated circlet of tentacles or spirally rolled buccal arms; either 
polyp-like and provided with a hard shell-case, or mussel-like 
with a bivalve shell, the valves being anterior and posterior: 
with one or more ganglia connected together by a periceso- 
phageal ring. 

'' Mollusea, — Bilateral animals with soft, unsegmented 
body, without a skeleton serving for purposes of locomotion; 
usually enclosed in a single or bivalve shell, which is ex- 
creted by a fold of the skin (mantle); with brain, pedal-gan- 
glion, and mantle-ganglion. 

" Tiinicata, — Bilateral unsegmented animals with sac- 
shaped or barrel-shaped bodies, and a large mantle cavity per- 
forated by two openings; simple nervous ganglion, heart, and 
gills. 

** Vertebraia, — Bilateral animals with an internal cartilagi- 
nous or osseous segmented skeleton (vertebral column) which 
gives off dorsal processes (the neutral arches'^ to surround a 
cavity for the reception of the spinal cord and brain ; and 
ventral processes (the ribs) which bound a cavity for the re- 
ci|)tion of the vegetative organs; never with more than two 
pairs of limbs." 

Zitiel adopts the older Claus classification, in which the 
fifth branch, Mollusca. includes MoUuscoidea, Mollusca, and 
Tunicata — divisions which arc given higher rank in the newer 
classification. 
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Kolson separates the Sponges from Coelenterata underl 
nch name Porifera; includes the Vermes and the Ar- F 
ia of Claus in one branch, the Annulosa, making ofa 
ircc sub-branches; I. Solccida, II. Anarthropoda(lhc5el 
b-branchcs together constitute the branch Vermes of I 
and III. Arthropoda, u'hich includes the same classes | 
[ucd to that division by Claus. 
I Clftawf of ImpoTtimce in Faleontolt^y and their XnowaJ 
in Otological Time — Those classes uhich are o\ impor- 1 
:o the student of the history of organisms are the fol- 
; the names are used uniformly so far as to include the 
rganisms, but their theoretical relations to each other 
stated alike by different authors. (See next page.) 

I and Oenera of Chief TTie in Tracing the History of Or- 
-f — When we come to the actual study of the historical A 
5 of organisms it is specific and generic characters with I 
re chiefly deal, and the grouping of them into families, I 
classes, and branches is the result of the study rather ■ 
matter of direct obscn^ation. I 

agree with Zittcl * that the systems of classification in I 
are only the expression of our actual knowledge ofl 
Iprocal relations of the organisms: they depend di- I 
Ipon the present state of our knowledge, and arc sub-1 
refore to more or less profound modifications. I 

; higher categories are built up of generalizations de- I 
m comparison of the detailed structure of the indi- I 
All our systematic categories arc artificial abstrae- I 
hich rest upon the greater or less resemblance of I 
;thc individuals. The historical relations between the I 
s marking these larger ca'egories are not matters of I 
lion, but only of speculation. The histor>' is to be'l 
I scries of succciisive species, and the study of I 
Itions becomes of importance in restricting our at- I 
to the field within which all the evidence to be had I 
! found. The actu.-!! evidence of the histury, which! 
oniologist may sec and examine, is presented in the I 
ind varietal characters of the fossil remains prescrve^ij 
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Species of the Paleontologist. — We have already considered 
the philosophical notion of species, but the real species which 
wc deal with in Paleontology is, as defined by Zittel, all those 
individuals or all fragments which present certain common 
characters and form a circumscribed group, independent of 
geological range or geographical distribution, and which may 
be linked with allied species by a small number of intermedi- 
ate forms. If in the same species certain individuals possess 
Mime peculiar characters which are more or less conspicuous, 
ihey constitute varieties or races of the naturalists. The va- 
rieties maintain in some cases the same habitat with the stock 
form, in other cases they live in different regions irfprescnta- 
li-.e varielies). ll is more difficult for the paleontologist than 
for the zoologist to distinguish species from varieties. It 
often happens that there are in two contiguous formations 
fossils of the same genus, presenting differences, very slight 
but constant, in which case they should be distinguished as 
■ parate species. Fossil species are not always restricted to 
' itiier a single geological horizon or bed, nor are they con- 
rined to the same geographical region. 

Varietiee.— The same fact applies in some measure to vari- 
eties. Those slight differences, observed upon comparing the 
representatives of a species coming from different strata or from 
<iifferent regions, are considered to be varietal, and not spe- 
iific, in case the differences consist in unequal degrees of 
uiiidification of the same part or parts, so that the several 
specimens may be arranged in a continuous series connect- 
ing the extremes by intermediate forms. When such a series 
of forms of one species exhibit.^ the differences in connection 
with geographical distribution only, the degrees of modifica- 
tion are defined as varietal, and those prominent in a particu- 

r locality may then be called distinct varieties. 
Kntations. — When the modification of form is observed to 

e associated with succession of their appearance, the diffcr- 

ICcs arc called mutations — a term proposed by Waagen. 

i modifications of specific form, when contemporaneous, 

; called varieties or xmriations; when successive in time 

ley are called mutatii'its. 
Tbe Hiitory of Organiimi; the Two Hethods of it; Study. — The 
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history of organisms may be examined from either of two 
points of view, {(i) We may examine the embr\'onic and 
ontogenetic course of differentiation of the individual, and, 
adding the theory of descent with modification, ^Pply ^^ 
laws of individual development to the building of a theoreti- 
cal phylogenesis for the whole series of organisms. This is 
the method of Zoology, (b) Or, we may examine the fossil 
remains of organisms which have appeared in geological his- 
tory, and by comparative study of their characters, arrange 
them in series according to their resemblances and differences, 
and thus reconstruct the history of the organisms from the 
observed order of their appearance on the globe. This is the 
palcontological method. 

Embryos or Fossils; the Imperfection of the Evidence. — In the 
first case the chief criteria upon which the history is built are 
the changes taking place in the growing embryo, minute and, 
generally, microscopic, and of great difficulty of study. This 
method requires great use of imagination in the interpretation 
of rudimentary traces of characters, is based necessarily upon 
few examples, and those seen mainly by single observers. 
The results are of necessity highly theoretical, and, like all 
h\'p()theses, should be regarded as of no value in the face of 
facts to the contrary. 

In the second case the chief criteria are fossils, which 
are the remains of the hard parts and, in most cases, of adult 
forms, imperfectly preserved, presenting a very small per- 
centai^e of the total varietv of forms that must have lived. 
In this method the imperfection of the evidence and the 
frainiientarv nature of the fossils are the chief sources of im- 
perfect judL^nient. The hypothetical series erected may be 
[)r<)ven by the actual sequence of the forms themselves. The 
>prcies may be arranged in the wrong race, but actual suc- 
cession is always distinctly indicated, and the filling of gaps 
i^ rcadilx' known to be theoretical. The known affinities of 
li\ ini; (»r;^anisms are also in evidence here, to prevent wild 
h\'j)(»lheses based upon rare and imperfect fossils. 

I'roni either point of view the possibilities of error are 
en<)rnious, and the proportion of theory to knowledge is 
large ; but at the same time it must be said that the two 
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kods i^rcc in the general results; and while thci 
amnitnt to learn, Cn which future theories must adjual 
~^ l^i.-noral fncis in the case, which alone we are cmnsidcnn^ 
-iu-SL- lectures, are already fairly well established. 
Mntare IndlvtdnalR, not Embryos, used by the Paleontologist. —J 
: - chief difference between the two points of view, as the] 
icem us, is that the paleon to logical method deals esseiH 
iy with the matured results of individual development^ 
- remains of the mature organisms that he investigate! 
{ he examines the differences between the mature individE 
u.ii^ of the successive periods; while in the other method it' 
is the nidimentary conditions of individuals that carry the 
ovidencc of the affinity. 

Differentiation attained during the Fint or Cambrian Era. — 

I- paleontologist asks. To what extent has difTercntiatton 

needed in the individuals of any particular geological 

fcpach. and on comparing the fossils of successive 'epochs, in 

E respects and at what rate has differentiation proceeded? 
irrying out this method of study we inquire, first, To 
extent hiLs morphological differentiation reached in the 
first gcolofjical age of which we have record, i.e., the Cam- 
brian? In reply the answer may be briefly given in terms 
of abstract scientific nomenclature, by stating the numerical 
relation existing between the number of the branches and of 
the classes of the Animal Kingdom which are known to have 

Pd in Cambrian time and the total known number in each 
On page 206 is given a table of the branches and classes of 
tbc Animal Kingdom of which record is preserved in the rocks^Jj 
Vfith their known geological range. In this summarj- wd 
may omit from considenition the bninches Tunicata and V^efM 
tcbrata, of which we have no evidence in Cambrian time : anql 
the I'rotoxoa may be omitted from the consideration becauMil 
although it is altogether probable that they were well rcpre-l 
sentetl, traces of them are almost entirely wanting on account 
'.) the mmutcoe** and simplicity of their fonns. We may 
|U|n «mit the consideration of Much classes as the Holothuri- 
^^^k, of which no evidence is found in a fossil state. And. 
^^By, Ukiog all th« other branches, classes, and orders. 
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known in fossil condition, the answer to the question is as 
follows : Of the six branches of the Animal Kingdom all six 
were differentiated in the Cambrian era; 13 classes of the 
26 were differentiated in the Cambrian; of the 73 orders, 14 
are known from the Cambrian, 14 more arc first seen in Or- 
dovician time, 4 more in the Silurian ; or before the close of 
the Silurian out of a known 72 fossil orders 32 had already 
appeared. 

Represented in the form of percentages between the num- 
bers represented in the early ages and the number appearing 
throu^diout all the geological ages, we find that, of the dif- 
ferentiations of the primary and fundamental nature which 
distinguish the branches of the Animal Kingdom one from 
another, 80*^ of all that has ever taken place was already ac- 
complished before the close of the Cambrian. It may have 
been still more complete, but this amount we know to have 
been the fact. Of differences of only second rank in impor- 
tance, i.e., those which mark the separate classes of the ani- 
mal kingdom, 13 out of a known 23 fossil classes are already 
known to have appeared in Cambrian time, or 56^ of the dif- 
fcrrntiations of class rank had been already attained. In the 
evolution of orders at least 32 of the 72 fossil orders appeared 
before the close of the Silurian, and 14 orders are represented 
in the Cambrian era, or 20,'^ in the Cambrian era and about 
40'r of ordinal differentiation had been accomplished before 
the close of the Silurian. 

It is probably well within the facts to say that six out of 
the nine known branches were already differentiated in the 
C.unhrian, and that in all probability all the classes of these 
six branches were already differentiated before the close of the 
Silurian or third L^eoloi^ical era. and probably four fifths of 
tluin in the Canihri.m era. In resj)ect of orilinal differentia- 
tions, it is prohahl}' true that, of the total ordinal differentia- 
tion known in these six branches, one fourth, and probably 
nioii-. took placi' before the close of the Cambrian, and one 
half l)t tore the close of the Silurian. If we recur to the time- 
scale, described on page 54, bearing in mind that the rocks 
of the (Cambrian system may not and probably do not con- 
t.iin records of the earliest organisms that .appeared upon the 




i.iv /v .v.irt'x.-u J/jsroA-Y. ^^1 

rth. but only the earliest records we have of distinct organ- 

. it will be seen that the statistics given above mean that 

1 t least three quarters of the tot;il evolution of the grander 

-tingtiishinpcliaractcrs of organisms are known to have been 

■:nplcted before the close of the first quarter of their re- 

■nled history'. The percentage would be much smaller if 

■..- generic and, particularly, if the specific characters of all 

- ;iiwn organisms were to be considered; but to form a cor- 

>_t idea of what the statement means it is necessary to con- 

■ ier that these latter characters are, both from the point of 

i.w o( importance of the characters in the economy of indi- 

ilual life and from the point of view of the degree of spc- 

ilization to particular conditions of environment, far less 

iiiportanl than those whose differentiation was so rapidly 

tulminatird. 

Xature and Extent of the Elaborations. — In order to form a 
ileftnite notion of the extent of the difTerentiation thus early 
attained in the evolutionary history of organisms, we may 
next consider what structures and functions had been elabo- 
riteil in each of the several branches of the Animal Kingdom 
II the Cambrian era. 

in the Cambrian system are found traces of six, at least, 
iif the nine branches of the Animal Kingdom, and when we 
ore looking at organic form, of either the morphology or 
phyiiolog>- of organisms, this means that the characters by 
I ^^lich these various branches are distinguished were diffcrcn- 
^bttcd before the close of the Cambrian era; and in most 
Mftscs there is evidence to show that it was before the close 
WM the lower division of the Cambrian. As has been noted. 
■■tb stttement applies also to a remarkably large proportion 
^H thuse characters by which the different classes and even 
HWcra of these branches are distinguished. 
K Eeoamace of Charactera aocoonted for by Deuent. — Tln-re 
^pOosVs as Ct>rrelalive to the fact that these chiiracters have 
Hppcareti in the Cambrian, that their reappearance in succes- 
^Biv organisms up to the present time Is to be e.\plained by 
Hb^gdiciary laws u( heredity. Regarding them no evolution 
^^HflnB^ Whatever evolution is necessary tn explain 
^^^^^^b[B|tfiEe in the world took place prior to the Cam- 
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brian era. It is difficult to appreciate how far backint'xl" 
Avorld's history this shifts the great events of cvuluti'.»iul| 
elaboration, and how little it leaves to be accomplislKd wil'i- 
in even the immense periods of geological time of which*: 
have the least trace of the histor\' of organisms. 

Modern Zoology applicable to the Fauna of the Cambrian la 
— During the preparation of these pages the writer took iKica- 
sion t'> examine the details of form and structure discussed in 
the lectures of a well-known professor of Invertebrate ZooU«j,7. 
It ^\a>^ found that, so far as the evidence is preser\'ed. iht 
great majority o{ the differentiations which are considered in 
sueli a ct)urse of lectures were actually present in the Cam- 
brian era. What has taken i)lace since is difTerentiation in 
respect of less imi)ortant characters. In other words, a pre- 
liminary C(.)urse of lectures on Invertebrate Zoology leliminLit- 
ing till' animals adapted to aerial and pure fresh-water cnvi- 
ronnienii would be adapted to the fauna of the Cambriiin 
era. This statement will probably surprise the reader to 
A\h«)in it comes now for the first time. It is certainly a most 
remarkable fact that the great plan-work of structure of all 
the in\ ertebrates was so fuUv elaborated at such an exlremclv 
early prriod. and that since that time, for the millions vt 
vears that have followeil. the modification in or«ranic forms 
lia^ hern so slight. It is more impressive than the fact that 
s::\t:ral genera of Hrachio[)ods iLingula, Discina, etc.) livinj^ 
to-day were represented in the Cambrian by forms separable 
from them onlv bv the closest scrutinv. 

Characters whose Origin is Traced Back to Cambrian Time. — 
A^'-uniini: the correctness of the above statements, the in- 
([uiry iii.iy be matle. What are the ch.iracters, expres.sed coH- 
linuou-^lx' up to the present, which made their first api)earancc 
in ( "anibrian time ? 

l*ir-l, there is a branch, called Pri'to:(>iU all the animals of 
which are relatively minute, some of them truly microscopic; 
their b-nlies are composed of .i jellv-like substance, called 
j)rotMpIasin. \\itli<»ul cellul.ir differentiation, and void of per- 
niaiu :»t spi-ei.di/at ion of function. They ^liow great bodily 
aaixily. but in n<: i)ermanent direction. i'he whole sub- 
.slance ^A the body .seems trausientl)' to be experimenting in 
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the clcmcntarj- functions of motion, sensation, digestion, and 
reproduction. The one differentiation, which at least numer- 
ous kinds of the Protozoa have accomplished, is shown in the 
secretions with which they surround themselves, constructed 
in definite forms, but of almost infinite variety. 

Second, the next stage of differentiation is seen in each 
■f the remaining types of animals, inclusively called the 
M'-tazoa. In all of these animals (i) there is the localization 
■ [ the digestive functions in the interior of the body, the 
i^iMlro-vaicular cavity, (2) a mouth leading to this cavity, and 
(31 the location of the motor y functions on the outer side of 
the body. In the second branch of the Animal Kin^'dom, 
the Calcntcrata, there is little more of specialization of the 
tiigc3tive functions than this, i.e. (() there are two elemen- 
tary tissues differentiated, and in this simplest type (as in all 
higher! the tissues are formed in the course of individual de- 
velopment by the segmentation (4*7) of the primitive cell (4^), 
the formation of numerous cells, and then a (41:) specialization 
• if some of these cells as tissues for one function, others of 
them (or other functions. This process, which is called de- 
velopmL'nt, may be regarded as a specialization of the ^cn- 

ilized function of reproduction. In the Protozoa rcpro- 
Lction takes place by simple fission and gemmation. In this 
lowest branch of the Metazoa, the Ccelenterata, the inte- 
grality of the body is continued after the separation into 
parts, and what constitutes the whole of the reproductive 
junction in the Protozoa here constitutes but the segment.v 
of the contents of the egg. which differentiates the two 
'crs of tissue — the Ectoderm (41/). or outside layer, and the 
', or Endoderm {xe). The fundamental function of the 
:oderm is motory, the primitive function of the Endoderm 
digestive and assimilative. In the sponges there is de- 
tlopcd between these two layers the Mfsodcriii {a,/'), in 
lich a rudimentary type of skeletal parts, in the form of 
irny fibres, or silicious or calcareous spicules, is deposited, 
sponge has differentiated a digestive or gastro-v-iscular 
ivity, but the mouths are several and indefinite, and the 
Is within, by their ciliary motions, perform the functions 
motion a^ well as digestion, thus not exhibiting the full 
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elaboration seen in the true Coelenterata, but rather 
stituting a colony of Protozoa-like individuals. The 
Ccclcntcrata, as illustrated by the corals or Anthozoa, 
elaborated a step further; in their gastro-vascular cavity ll 
certain polarity (5) of the body is differentiated, of which tbc! 
mouth is the centre, the polarity is expressed functionally ii 
the direction of the currents inward and outward through the 
mouth ; in the motor system special (6) motory organs ate 
developed, radiating from and surrounding the mouth ai 
tentacles {6a), and the whole of the body, in the higher fonns, 
also expresses this radial arrangement of parts into compait- 
ments (6/^), called mesenteries. This radial differentiation is 
indefinite in the earliest forms, but there are two modes of 
division that are well expressed later, seen in the tetracoralla 
{J a) and the hexacoralla (jB), In the Cambrian only the four- 
parted type (Tetracoralla) was specialized. These constitute 
the Rugosa; also, the Medusa (8) appeared in the Cambrian, 
according to Walcott. In the Mesodermal layer are differen- 
tiated both muscular {c)) and j/'r/r/rt/ ( I o) tissues, which take 
the radiate form of the mesenteries, and in the living forms 
there is a differentiation of the sex (ii) — a differentiation we 
have all reason to believe was existent in Cambrian time. In 
the ectodermal or outer layer of the body there is differen- 
tiation of a set of cells for offensive and defensive action upon 
other organisms; these are the thread cells (12), which are 
used offensively (i2rt'), probably to benumb their prey and 
thus aid in the attainment of food, and as defensive (i2i), in 
the way of protecting themselves from attack of larger ani- 
mals which might seek them for food. 

There is no certain differentiation of sense or nervous or- 
igans in the Ccelenterata, and the above points are about all 
thiit can be said certainly to ai)ply to the organisms referred 
to the C<ilenter«.ta for the Cambrian era. 

The branch lichinodermata also was present in the Cam- 
l)rian. In them the body presents the radiate (13) type 
of structure in the adult, but the parts arc normally y?rr 
(13/n. and there is more or less distinct bilateral sym- 
nirtry < 14) exhibited by them in the .idult form generally, 
or only in the embr>'onic form in some of the living types* 



t adult there is Jeveloped a more or less resisting intrgTt- 

fi,Ji), either in the (orm of coriaceous (iSti) integument, 

I granules (15*), or spicules (15c). f^"" definitely formed 

^articulated calcareous plates {151/). There is elaborated 

Bculiiir hydrostatic apparatus, called the ambiilacral loaU-r- 

Irw/tfr jcw/cwi {16), which subserves the purposes of locomo- 

B (l6rtj and the conveyance of food particles (16^) into the 

kilh. and may be considered as a special elaboration of the 

picnis which arc tentacles in the Coelenterata. In the 

iinodcrmata there is a considerable elaboration of the ali- 

btary s>-slem. There \s»closi-ci gas:ric cavity iiy), separate 

3 thcsoma/if or vascular cavity {i%)\ this constitutes a rfti//- 

ttory itomach. In the more perfect type of the Echino- 

ns, the Echinoids, there is a distinct alimentary canal of 

tral parts, composed of a mautk (19), provided with special 

tens for reducing food, Jive teeth (20), and a differentiated 

mphagui {2\) leading to a stomach (22), and a distinct itilcs- 

'-■"'.■/■ (33) terminating in an ««<!/ (24) opening. There is also 

rulscttory heart (25), with radiatory vessels, or blood-i-ascular 

item (26). Thus in this higher type of Echinodermata we 

■ni already differentiated organs for mastication, digestion, 

iitrition, and distribution or circulation. It is not well 

-:ablishcd that the function of respiration is specialized, or 

i.tt distinct organs are differentiated for this function. The 

■arfish (Astcrioidea) do not have distinct teeth, but the 

' fpbiuroideado, and the ha;mal system is present in both, but 

:lie mouth in many cases sen-es (or ejection of fiecal matter. 

These two types are developed verj- early — as early as the Or- 

duvician, so ihxt it is evident that all these differentiations of 

; Echinodcmi type of the digestive system were ehiborated 

f the beginning of the Ordovician, and probably in the Cam- 

The Crinoids and Cystoids were Cambrian, the IMas* 

1 appeared later; ihc digestive functions were less clab^ 

ate in tbcm. but the differentiation into a stomach or 

^cfttivc cavity, as distinct from the nutritive tract or intcs- 

|pi», was present. The nervous system was also developed 

t r/v about the mouth, or <Ksophagus, and sent out ftenvs 

ithc other parti of the body, And there are pigmcnt-cell» 

reloped on the upper side of the KchinoidK, which are 
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gardcd as of the nature of optic organs^ but it is doubtful! 
any such organs were dififerentiated in the Cambrian u-pt] 
The nervous system in this type of animals at that time prolv 
ably ])erformed the function of co-ordination of organs. Witfcl 
tile differentiation of the alimentary' canal there was probably 
a s]>ecialization of cells for the particular function of these 
several parts of the canal. The reproductive fund ion \\:^i''^ 
special organs differentiated, but they were as numerous as 
the i)artitions of the body, and the elaboration of this system 
in the Cambrian era had not proceeded far. 

The Annelids (which is in our classification a representa- 
tive of the branch Vermes, but in Huxley's classification is 
])lacccl in a branch Annulosa, distinguished in some particu- 
lars from the Arthropoda, but only as a sub-branch, the An- 
arthr<»i)odai are represented in the Cambrian. They are the 
lowest or less differentiated type of the articulate mode of 
body iKvcloj)nicnt. There is an elongation of the body, and 
in the adult there is a definite division into segments [2 J \ ox 
;;/<//?/;/^'\\s' (somites repeated and arranged along a longitudinal 
axis I. A prominent distinction separating the Annelids from 
the Articul.ita i)roj)cr. as representatives of branch or class 
^^roups, is the absence of jointed appendages articulated to 
the somites in this division of X'ermes, and Huxlev recoirnizcd 
this distinction in appK'ing the name Anarthropoda (meaning' 
uilhnut j«)intsi to the class, while the Crustacea, Insects, and 
allied forms develoj )/<>////< v/ ivid nrticulated appendages to the 
somites. In this type of structure the differentiation of parts 
in the first or railiate direction is completed in the strictly 
bilateral symmetr\'. The function t)f motion has specialized 
into definitcMU'ss of relation of the motions to the bodv — a 
loiiL^itudinal pol.irity. The direction from which supply of food 
conu's toward the bod\-, or towards which the m<Uor system 
proj)eU tlu; body, is anterior yi'^aw it is distinctly in front of 
the mouth, while the other parts of the digestive system are 
arraiiLi^'d cK'finiteK' A-^vAv/fVi jS/m to the mouth, alon'fthe lonirer 
a\:-^. rile parts about the mouth are reduced to their small- 
est number, and arc determined definitely in relati(^n to a 
surtaci' uj)oii which progression takes place : a ventral side (2cv/) 
and a dorsal side {2()l>) become thus distinguished. The 
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system is present and surrounds the oesophagus {30), I 
cs the differentiated bilateral symmetry by consist- I 
, double, ventral, gangliatcd cord (3 1), and in some gen- I 
e arc differentiated distinct optic organs (32) and sijocial I 
9/ touch (33). The digestive system is differentiated I 
w/A, sometimes armed with distinctyrtiw (34) for mas- I 
, a distinct a-sophagvs, a stomach or digestive cavity, I 
iint or assimilative canal, and the two openings, mouth 1 
r/, of the digestive canal are permanent. In (he An- I 
there is a fscudo-htEnial system (35), a vascular dis- I 

J s)-st(^m, but not so highly developed as the circulat- I 

em of the true Arthropoda. 1 

the true Arthropoda, in addition to the elaboration 

the Vermes, there is differentiated a distinct system J 
9 organs (36), articulated appendages moved by mus- j 
; not by hydrostatic device, and articulated to the i 
s. The segments are repeated in more definite num- I 
t in the Cambrian there was not a permanent selection I 
umber. In the Trilobites there was evidently (37) a I 
t of number of segments in contrast to the indefinite I 

of the Vermes, which in Eunice gigantea, a modem 1 

s 400 segments. There was a permanent speciaH^a- J 
a (38) chltinous exo-skeleton, which is a distinct elab- j 

of the motor skeletal system, and made possible a | 
'©(special differentiations of the motororgans. There 
dalization of ff//<W(/ffj for special functions; that is, J 

' organs (39). for mouth or mandibular masticatory or- I 
>), iomifimining or locomotion (41), and other sets con- J 
»-ith respiratory (43) function. | 

( definite differentiation of organs for the respiratory J 
I i,gills or branchiae) (43) is a further elaboration of the 1 
f system, but this function was evidently spccialr/cd | 
I the Cambrian representatives, the Trilobites, which J 
B most highly elaborated organisms of that era. In | 
^rilabEtes we find thus a thorough differentiation of J 
C^ans for each of the systems of functions character- J 
the highest! tj'pe of animals, viz., Correlation, further 1 
i in the two systems, {a) motor)', illustrated by the 

and akcletal ports, and (b) nervous ^stcm, ganglia. 
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nerves and organs of sense ; Sustentation, as exhibited in 
organs of alimentation, digestion, nutrition, circulation, and 
purification ; Reproduction, with special organs and separation 
of sex. 

Insignifloanoe of Characters of Marine Invertebrates Evolved 
since Cambrian Time. — When we would speak of evolution of 
different kinds of organisms, it is not regarding the evolution 
of the differences above described that the geologist has any 
evidence ; they were present at the beginning of the records. 
All this had been accomplished when we get the first glimpse 
of the earliest known relic of an organism. The simplest 
types of organisms are living to-day, as are the most elabo- 
rated types; but when we go back to this earliest page of 
geological history we find (with the exception of vertebrates) 
all the grand types of animals already living together. So far 
as these grander differences of organization are concerned, the 
millions of years of geological time throw no light upon the 
way by which they came about. 

When we consider that our knowledge is only of marine 
organisms, and how extremely meagre is the evidence we have 
of them, it becomes highly probable that for animals adapted 
to this environment nothing of branch, class, or possibly of 
ordinal rank has been evolved since Cambrian time. 



CHAPTER XII. 



I THE TYPES OF CONSTRUCTION IN THE ANIMAL 
KINGDOM, 
ftcords of Evolution expresaed chiefiy in Oeuerio and Spe< 
icterB.— From what has been siiid in the previous chapte^ 
it will be learned that the grand features and the great 
tnajorityof the more important details of the structure of any 
ing organism arc of extreme antiquity. Not only so, but 
:\: very early geological time no new types of structure of 
high us ordinal rank have been evolved in the majority o( 
branches of the Animal Kingdom. 
In resptct, therefore, to a great number of the more 
r;ant characters of oi^anisms the development of offsprii 
resulted in the repetition, without substantial modifica- 
.. of the characters of the ancestors. This is the law of 
rediiy — the repetition in the offspring by generation of 
. .ractcis like those of its ancestors. Ei'olution has lo dowitk 
•icqHtretHCHt t>y organisms of morphologual cbaraclrrs ivfiich 
:r anctstors did not possess I hence we must seek forevtdeni 
< volution chiefly among the characters of less than ordii 
i',- — those of ordinal and higher rank having been cvoh 
...most at the beginning of the history. 

CoiuM of Individual Development mpposed to have been Con> 

•tuit. — It is not unrcasonsbk- lo assume thai all the course 

■id the stages of development, of characters of ordinal and 

her rank in the development of the individual, are repcti- 

ns of what has taken place since their first appearance at 

beginning of the geological time-record. In the several 

j'.-s of organism* now living, the laws of individuai devel- 

, ncnt, M of the ftteps ay which in each ca.sc diversity is 

t of HJmplicity of structure, may reasonably 

pplicablc to all organisTils of which 



of 

i 

of 

■ilk 

hich 



220 GEOLOGICAL BIOLOGY. 

the history. The reason why the course of development 
been what it is may be no more evident than the reason ri 
f^c^ld is yellow and heavier than sulphur; in a particular cat' 
the sufficient reason is that it is like that of its ancestors. 

Beginning of Individual Life and Development — In a previ- 
ous chapter the stages of development of the individual at 
described. It is there shown how the simple cell is wiihoat 
distinction of parts, other than zs protoplasm with Ct'Il-iKdr, 
a cc/I-fiiiciiKS, which is of great importance, and regarding 
whicii recent investigations with high power of the micro^copt | 
arc bringing out wonderful characters and functions: and i 
vncKo/c, often present, but the function of which is unknown, 
r'roni such a cell the individual grows to the state of a com- 
l)K;x, independent organism, such as the living Vertebrate. 
seen in its highest representative, Man. 

Hypotheses regarding the Phylogenetic Evolution of Eacet. 
— The tcnn OntoL^cny has been applied to this developnien:. 
and to distinguish it therefrom, Phylogcn)\ or race-devei« 'le- 
nient, has been proposed to indicate the analogous pass^ijijL' 
fn)ni the simplest undifferentiated Protozoan, the Amceba, or 
Monera, tlirough the sevxTal stages of increasing complexity 
of organization to the most highly differentiated Vertebrate. 
-Many attempts have been made to construct the history of 
the wliole organic world (M\ this basis, i.e., to construct 
l>hyl(>genetie trees of the ancestors of beings now living on the 
earth. liaeckel's ** liistorv of Creation " is one of the earlier 
anil most elaborate, and perhaps most artificial, of such 
treatises; for as science has developed, our knowledge of the 
true genetic rtilationship in some particular lines of organisms 
ha^ iMeatiy increased. When Haeckel's work was published 
«iS«)Si, the new methods of investigation, so greatly stimu- 
Litt d l\v the api)earance of Darwin's '*( )rigin of Species." 
had only begun to affect the students of fossil remains: and 
It is mainly since that date that the classification of organisms 
has hi i-n revised on the basis of genetic allinities detenr.ined 
1)\' eoinj^arative studies of structure. 

riie analysis of organic structure, from the phylogenetic 
))oint of view, is very instructive and suggestive if it be not 
overdone. It helps us to attain general notions of organiza- 
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tion, or what we may call the principles of construction of 
the Animal Kingdom. 

The ITndifferflntlated C«ll. — From this point of view the 
primitive living organism is assumed to be an undifferentiated 
cell, having no tissues, no organs, no permanently specialized 
functions. If it moves, the motion is spontaneous, irregular, 
temporary motion; if it takes food, it is by attaching the 
food to itself; and in a sense such a protozoal cell is all 
mouth, all stomach, all everything necessary to living, but 
nothing particular in any part of itself is permanently different 
from any other part: it is an undifferentiated organism. 
The amceba comes nearest to fulfilling these homogeneous 
conditions, but even there appear the nucleus and the con- 
tractile vacuoles, which are differentiated, and perform some, 
though not well understood, special functions. 




In the simplest form of themctazoal cell very considerable 
complexity is found at the earliest stage in which the cell is 
observed. The steps by which the cell reaches the organic 
structure which is characteristic of any of the mcta:(oa when 
adult is explained in works on embryology and animal mor- 
phology.* 

When we look at the progress more rapidly, and note the 
steps of progress in function rather than in structural mor- 

*See McMurricb, "Texi-book uf Invenvbrate Murpholutty,'' chapiiT ix.. 
Snbkingdom HetMoa. 
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pliology, wc observe that in attaining differentiation fromtl 
simi)lc state several systematic groups of differences vt 
expressed. The first is concerned with general direction fl( 
motion, expressing itself in the arrangement of the body 
shape, or in its development. 

Polarity. — If we imagine the primitive form to be a j;lobc, 
its motion is expressed by assuming polarity of direction— 
a definite anteriority^ or direction toward which motion ap- 
proaches, and the opposite, posun- 
ority, from which it goes. Every 
living animal having reached the 
first stage of differentiation (seen 
in the Metazoa, as the Ccelenterata, 
for instance) expresses some dcj;ree 
of polarity. The longitudinal axis 
of the bodv, in the Metazoa of this 
simplest form, is clearly expressed, 
and the anterior end is primarily 
determined by the position of in- 
vagination in the growth of the 
embryo forming the gastrula. 
Fig. 5-.— a simple coral polyp (Mf- Thus the simple coral polvp i^ 

tfi.itiuft marf^inatum It's.), np- * r . i. 

K.. ni n^ iiu K.i^tri.Ust.»>:.of diu j^ maturc animal representintj the 

f<niitMtii>ii. in whiih the posu-nor * " 

»n<i ..{ liu i...dy /.isait.uhcd and (/^;^-/;.;^/^^ stajTc of cmbryonic de- 

llic .iiitiriur cnti A >s tree. " ^ 

velopment of higher animals. 

In r^ig. 52 the anterior end of the axis of the body, 
ABs is at A, which is the mouth or oral end of the enteron 
or digestive cavity. This is the centre of the free end of the 
bocl\-, and the opposite ^\\i\, />. is in mature stage often fixed. 

Antimeres and Metameres. — As such an organism is sup- 
])<)sctl to develoj) parts b}- differentiation, these parts are 
arian«'cil in one of tlie following three wavs : radially, or 
aroinul the axis, when thev are called Antimeres : or one 
aflrr ihc other in the direction of the long axis, when thev 
are c.illed Metameres : or, third, without repetition of parts. 
excei)t to express bilateral symmetry and a dorso-ventr.! 
<)j)po^ition of i)arts. 

Radiate Structure, Bilateral Symmetry, and Actinimeres. — 1 he 
primary axis {^AB in Fig. 52) is the one which is longitudinal 
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body, and the secondary axis is at ri^lit angles i 

this. In the couree of growth repetition of ^ 
noticed as evidence 
,tion of rank, and the or- 
which lias no duplication, 
ilication of parts, is lower in 
because less differentiated, 
n which there is multiplica- 
arts. Where there is multi- 
of parts the simplest mode 
;cment is around the longi- 
axis. When each of the 
ut the a.\is is alike there is 
structure (see the tentacles. /, F' 
S3). This is the case in the 
Dimal, or in the starfish, and 
laratc parts are called anti- 
thus the tentacles of the coral, 
amis of the starfish (Fig. 54). S'^n"'"""^ '«""'="" 
timcrcs, or opposed parts. When there is difference 




minil I!k indHlilu*' I"'l^l 




4tWiM ■•HiVra. (AftR AcimU.) 

c parts, and (here are scries of parts opposed to 
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ce- 



and we have bilateral symmetry. When there is iiiultiplicale 
division, whether there is symmetry or not, the rays thus 
formed are called aetinimeres, or ray parts. This mode nf 
differentiation is characteristic of the Ccelentcrata and Echi- 
nodermata (omitting from the former branch the spongesi, and 
suggested to Cuvier the name Radiata (see Fi^s. 14-191. 

Somites, Arthromeres, and Diarthromeres of the Arthropodi— 
Another large and diverse group of organisms is character- 
ized by repetition of parts in the direction of the longitudinal 

axis. The technical name for body without 
its parts is soma ; the repeated parts which 
are longitudinally multiplied are called wt- 
ta meres, somites, or segments (see Fig. 55). 

The annelids represent the simple metam- 
eric type, without appendages to the sepa- 
rate metameres or segments. In the higher 
class, the Arthropoda, including the Crustacea, 

Myriapods, Insects, etc., the so- 
mites are provided with lateral 
appendages which are jointed in 
regular manner (see Fig. 56, also 
Fig. 50). 

In the Arthropoda, such a^^ 
the common lobster, and in an 
insect, these separate somites 
form a single ring enclosing the 
interior organs; but in the Ver- 
tebrates the somite is double, the 
Fi(.. s^-^.mr- special system of correlation ly- 
vKith i .M.tr.i 111^ in the upj)er arch, the organs 
^ .'..-.>..:'.: .i of assnnilation or auxiliary func- 
(Aiicr L. uiMv. ti(»n lvin<: in the cavitv below. 
To distinL^^uish these two forms 
of tlu' nutanuTes the first is called 
a i'.i:U j).irt, arthronu'iv; tire c<>rresi)onding part in the verte- 
1)1. itr >triicture is calK'd a two- joint i)art, diarthrctmere. The 
joints of tlu* aj)pendages of a nictamcric part, as the joints of 
ihr Kl:< of a lohstcrr or the scver.d bones in the limbs of ver- 
til)iatcs. arc illustrations of multiplication of parts by division 
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ba transvcrs<: direction. The technical name for th: 
frvpetition of parts is antiitfric. 

I SUtlnetire Characters of the Hetazoa — All the higher tissue^ 

jarint; Animals, or Metazoa, differ from the Protozoa by the 

of the following characters, viz. : 

Mctitsoa. — Reproduce by developing egg, or ovum, which 

tes through the stages of {a) nucleated cell, [b] segmenta- 

fon, (c) bla.stosphcrc or morula, Ui) gastrula; tissues dilTeren- 

laied into (c) eciodcnn, (/) cndoderm, and \_gs mesoderm; 

|f) alimentary cavity, or enteron permanent, and {i) sexual 

pdiilcrcntiation the rule and almost universal. 

Xolliucan Type of Structure. — The third type is that in which 
neither melameric nor antimeric repetition is carried on, but 
bilateral symmetry and simple an tero- posteriority and dorso- 
ventral polarity are more or less conspicuous. In this type 
of organisms (the Mollusca) differentiation is expressed in 
the relative positions of the organs in the body-cavity, and in 
the relalive development or importance of the different or- 
gans or regions of the body. 

Senlopmeiit of Organs and their Taxonomic Eank and Value. 
— ^In the molluscan type is seen in its simplest form that 
relative development of the several systems of oi^ans which 
marks the rank of the stage of progress in differentiation in 
tach particular case. Thus of the several systems of organs 
sustcntation is more fundamental, and may be regarded, if 
prominent in relative development, as indicating primitive 
or low rank. Oi^ans of correlation, when more specialiEcd 
and according to the degree of differentiation of the special 
■ ■rgani, imply specialization, hence high rank. Thus among 
The Mollusca those which arc simply digestive sacs, with no 
specialized organs of sense, or of definitive motor organs, arc 
iaw in rank (the Lamellibranchiata). The specialization of 
■n*c>organs anterior to a mouth and of the muscular system 
r giving delinitencss to the motion, indicates higher rank 
ftbc Gastropoda and I'teropoda). Special tactile organs, and 
igh development nf sense-organs, all in front of the oral 
^n^, show still higher rank (the Cephalopoda). 
This principle of ilifferentiation in the development of 
* throws light upon the rank of jjarticuhr organisms in 
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the phylogenetic line of their evolution, and relatively in 
each line those expressing greater differentiation in the gen- 
eral development, or higher specialization of the more de- 
pendent or secondary characters, are necessarily of higher 
rank, on the theory of acquirement of characters by direct 
descent only. 

The Principle of Cephalization. — The relative development 
of the organs of correlation, especially of the organs of sense, 
has been recognized for many years as indicative of grade of 
rank among animals. 

James D. Dana has written much on this subject under 
the name of Cephalization. 

In discussing the principle of Cephalization Dana wrote: 
**Such growth or progress in the brain and nervous system, 
the scat of power in the animal, is accordant with, and conse- 
quent upon, the great fact that this is the part of the struc- 
ture which comes into actual contact with outside and inside 
nature. It is the means in the animal by which communica- 
tion is had with the outer world, and also with its own inner 
workings and appetites; that which takes impression, which 
feels whatever inspires energy, prompts to action, exhilarates, 
or exalts; the part, therefore, which must grow whenever 
circumstances favor progress, and, at the same time, fail to 
grow or dwindle under unfavorable circumstances; which 
coininunicates whatever it receives to the being to which it 
bcloni^s, and in each case to the part or parts responding 
to its condition; which reaches every part of the system and 
dominates in all action and growth, and hence must cause an 
expressi(^n of its own condition in some way on the structure; 
which, moreover, must ordinarily produce correlative changes in 
correlative parts, if any, because in its own nature and distribu- 
tion the system of correlation has a full expression '* 

" We may, therefore, l)elieve that in all progress in grade, 
upw.utl or downward, there was involved some change in the 
anini.d structure of the kindexpressingdegrce of cephalization.*' 

"Whatever the types of structure in course of develop- 
ir.ent, there was also a general subordination in the changes 
to the |)rinciple of cephalization.*** 

»^./. Set,, 5cr. in., vol. xn., Oct. 1876, pp. 345-351. 
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tepbalizstios one of the Expiestioiu of the Eleneral Lair 1 
rentifttion. — Cephalization may be regarded as but one Q 
kexprcssioiis of the general principle of difTerentiationil 
rentiation concerns the whole organism, because incre 
c specialization of (unction of one organ always involves 
provision, through the activity of other parts, for the 
f ta that organ of resources which it fails to supply to 



P of Homolo^ and HomologoQB Parts. — When animals 
i there arc some terms which are applied to the 
— ':itionship noted in the parts compared; a few of the lei 
ihc following: 

Homology and homologous are applied to the organs 
irts of different oi^anisms which correspond in type of 
i .icturc. Thus the secondary joints of the appendages of 
. r • hropods arc homologous parts, and one appendage may be 
I d as a swimmer or a claw, another as a mandible, and 
^rcforc be constructed in difTerent form; but the parts, 
tiough of different form, are said to be homologous, be- 
-isc modifications of the same element of differentiation 
L Fig. SO). 

Another example is the case of the forearm of a bird 

and the forearm of a bear. When the bones are compared 

they arc found to possess corresponding parts — a shoulder- 

~ ije, a humerus, a radius, an ulna, a carpus, metacarpus. 

1 finger-bones. Although the arm in one case is adapted 

ihc function of flying in the air, in the other to walking on 

■ ground, and the shape of each bone is different, the 

-■:ral parts arc homologous, because bearing the same rela- 

W'fXi to the structure of the whole, and representing the same 

bical pan of the prirnitive structure. 

f «od Analogous Parti. — Analogy is used in a different 

Two parts or organs of different animals are said to 

aloi;ous whtn the likeness has to do with the functions 

Uapted usage of the parts; and not to either the mor- 

, or the relationship to other parts of the organic 

«re of the animal. For instance, the leg of a fly and 

J of a itmuse serve the same function — walking or loco- 



nals 
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differ also in their structural relation to the whole organisa 
of which they are parts. Homology may be said to be based 
upon morphological unity, and analogy is based upon func- 
tional or physiological unity. 

Differentiation lUuBtrated in the Case of Motor Orpuis — ^To 
illustrate this mode of analysis of the organic structure from 
the point of view of extent of differentiation of parts, or in 
order from homogeneity to heterogeneity of structure, a 
study may be made of the devices developed for the execu- 
tion of motion or locomotion, in the various branches of the 
Animal Kingdom. 

Ori:;anic motion, in its simplest form, is contraction^ the 
brin^nn*; together of two ends of a contractile tissue, as 
muscle, with no hard parts, no specialized organs: this is what 
is seen in the lowest forms of the Protozoa, and expresses 
itself in change of form of a globule, drawing in of a part, or 
pushinj^ out of another part. 

Two Directions, in which Differentiation Proceeds. — In dif- 
ferentiating the mechanism of motion, elaboration may take 
place in two directions. 

(A) I\v subdivisio}i, or multiplication of the moving parts, 
and increasing the rapidity of the contracting: this results in 
ciliary itiotion, and the specialized organs thus elaborated are 
called cilia. 

(H\ The second is by concentration, or massing of the parts 
of motion, and thus increasing the energy expressed in a 
single motion : this leads to the construction of muscular 
tissNt\ and the expression of specialized muscular motion. 

In (A) the direction of the motion is indefinite, in (B) it is 
definite in direction and united in time, or period of action. 

Ciliary Motioii. — The real function of ciliary motion is seen 
in an auL^niented state in the special organs called tentacles, 
which act b}' muscular methods, but whose function is vibra- 
tile. The-^e may add the functions of ingestion and prehen- 
sion to those of simple ciliary motion. But ciliary' motion 
itself is fundamentally api)lied for the ingestion of food. 
This is accomj)lished in minute organisms either by causing 
the organism itself to move in its medium towards the food, 
or by setting up currents in the medium and thus causing the 
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' to flow to the mouth of the orgiinism. The tentacle \s^k 

.Til.itged cilium in so far as the function is concerned.™ 

I 'ek-ntorala exhibit this mode of elaboration of the motorfl 

:-^ in ^( typical way. I 

tVater-Tsscnlar SyBtem of Eehinodennt. — In the Echinoder- ' 1 

;i higher elaboration of this kind of action of musculiir 

. is expressed in the ii.<attr-%ascular systfin. This is a 

t.ir adiptalion of simple muscular contraction. 

CiUa in HollQMoidea and HollaBca. — The Motluscoidea have a J 

II of ciliary motion drawing the food particles to the J 

■- ii-opcntng by setting up currents in the water. Some M 

lie Mollusca have a similar method of producing currents! 

-cans of cilia on the edge of their mantles. In the Gas- I 

■id and Ccphaiopod motion is accomplished by speciali- " 

n of muscular contraction. Various types of modifica- 

. of the foot arc elaborated in the different classes of 

nese interesting forms. i 

SkeleUl Fmrtt. — In the Arthropoda and the Vertebrates I 

iigans of motion are more highly elaborated by the addition I 

sf hard parts acting as levers, and thus giving special dircctioa m 

ud change of direction to the simple contraction of the mus- ■ 

:lc5 passing between two articulated parts. The general dif- I 

•ICC between the motor systems, or the modes of motion, I 

icsc two grand divisions of the Animal Kingdom, is seen I 

iif different relation which the contracting part (the mus- 1 

t>cars to the mechanism, or skeletal part. In the Ar- I 

{iixl the muscles are attached on the inside of hollow J 

;al elements. In the Vertebrates the muscles are out- \ 

mil around the levers which they move, and in these twtKl 

ps of organisms motion, and both the muscles and thnfl 

. hincfy of motion, reach a high degree of elaboration. fl 

XnUlpUestion of Like Parti Preceding Specialisation of tbelr-l 

Pvutiooa. — The course -.f differenii;ition [■. frr.ni simplicity! 

:.r homogeneity of part*, first, to multipliiation of the partsfl 

' vHng like functions and nften uniformity of form, andjH 

nU (o the ipecializjitinn of function of these parts, the^f 

LOn into groups, their consolidation, and. finally, definit^H 

number and precision of use or function. Ilencel 

Mabor. follows the, in.ultip}i^tj.o.n of parts and doe^| 
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not precede it. Multiplicity of laborers is a condition neccf 
sary to the division of labor, and the organic co-operation of 
separate parts. 

Comparison between Embryonic Development and Saccemonit 
Ancestors. — Prenatal or embryonic development of higher ani- 
mals may pass through stages similar to those expressed in 
the mature form of lower animals which are supposed to be in 
the line of descent of the former: as an example, the Mam- 
malian embryo develops gill-arches, which are characteristic 
of the mature stage of fishes: but in the embr>-o of the mam- 
mal this feature appears in the earlier embryonic life, and is lost 
as development proceeds. Much has been made by cmbn- 
ologists and also by system ists of this embr^'onic calling back 
to sui)|)(^sed ancestral characters; but in deriving conclusions 
from these facts it must be remembered that, since the organs 
are neither fully co-ordinated nor completed for action in the 
individual embryo, and that not until the natal stage is past, 
the likeness of these characters to the mature parts of sup- 
l)()secl ancestors is rather a likeness in the plan or course of 
(level()i)ment than in the results of the development. The 
course of the development may be alike in two organisms; 
that is, the stei)s by which the morphological features may be 
attained m.iy be according to the same plan, and indicate a 
fundament. d affinity, which is less evident or quite lost in the 
mature animal. However, it is not a necessary inference that 
in the embryonic develoi)ment we will be able to recognize 
the relationship to an ancestral mature form. Changes, such 
as abbreviation, or a different course of development, of the 
enibr\'o, can be assumed to be indicative of phylogeny only 
in case environment was the determining cause of their origi- 
nal aj)i>c:arance. If there be an evolution in these modes of 
ditfcTentiation, as there is an evolution in the final product, 
the resultant differences may be determined by other laws. 

Muscular Motion or Specialized Motion, and Locomotion. — 
rii( prepar.ition for motion of the organism in definite direc- 
tum is exiiibited in the differentiation of the head as the 
oral end of a UK^ving organism. Next, it is seen in the differ- 
entiation (jf the assimilating cavity into a tube, the enteron, 
with separate entrance and exit, for the materials of assimi- 
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■n. A third stage is represented in the elongation of the 
i\ in such a manner that it may move in part without any 
i.il locomotion, the one end becoming sessile, or attached, 
11 tile case of the Ccelenterata. In this case no specialized 
;.ins of locomotion are developed, but the mouth-parts 
irc moved in relation to the body, and are moved also 
in ri-lation to the source of food. In Vermes there is ioco- 
i.i >tion, but no special articulated parts are developed in 
- lower type. In the Arthropoda articulated organs 
-L-rving the function of locomotion are developed; associ- 
„:^J with the specialization of motion, as local motion, we 
find a specialization of the poles of the body into an anterior ■ 
and posterior end, relative to the direction of the motion. I 
The first mode of differentiation spoken of has not to do with 
locomotion, but rather with relation to reception of food. 
An oral end of the alimentary canal was established through 
which food reached the interior of the organism. The polar- 
ity was a polarity between the oral end of the alimentary 
canal and the excretory end, or rather between the approach 
of food and the discharge of effete results of digestion. 

In the Ccelenterata the oral orifice serves also for the dis- 
charge, and therefore the oral and aboral poles are brought 
together, typically, at the same point. In the Echinoder- 
mata, in some cases, the aboral corresponds to the oral pole. 
In other Echinodcrms there is a distinct separation of the two 
ends of the alimentary canal. With the setting up of the 
antcro- posterior polarity of the chief axis of the body, and 
of these specializations of locomotion, there was expressed a 
decided advance by the appearance of sense-organs at the 
anterior pole. 

Differeatiation of Nerrons SyBtem a Concomitant of Locomotion. 
M'ltion, bringing about a change of place, implies the sclcc- 
11 of belter conditions of environment, and the guidance of 
;.!. locomotion toward such favorable conditions. Thus the 
^iffertntialtan of the nervous system follows, or is intimately 
aiuociatcd with, the specialization of motion into locomotion. 
Again, we notice that the head, being thus specialized, is only 
one of the kinds of differentiation. Thus the mctamcric 
development first makes possible hctcronomy of 
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parts, i.e., the specialization of functions, along thedij 
tract. In such an organism as the lobster, for instance, 
find a definite arrangement of specialized functions with 
fcrentiated organs, distributed along the line of the axisfi 
the antennae to the extreme posterior end of the body. 

Differentiation Along the Digestive Tract. — Without coo-j 
sidering the skeletal parts, but looking at the organism in re-j 
spcct to its digestive tract alone, we find the following serio' 
of differentiated parts: 

First, the detection of food. Provision for this is madcbf 
special organs of sense, antennae, eyes, organs of smell and 
of taste, and, finally, those of hearing. 

Second, \.\\Q: preJiension of food. For this purpose jaws and 
teeth and other apparatus are provided. 

Third, the breaking or gross reduction of food for diges- 
tion. For this purpose the teeth and jaws are brought into 
action. 

Fourth, the digestion of food. In this process several spe- 
cial orjj^cins take part, the most important of which are the 
stonidch and the secretions which are furnished at that point 
in the cnteron ; but there are, in addition, in higher oi^an- 
isms, numerous specialized glands, secreting digestive fluids 
with differin*; properties. 

r^ifth, the absorption of food. For this function the intes- 
tine and associated organs are differentiated. 

Sixth, the distribution and application of food-products. 
To this group of functions are applied the organs of circula- 
tion, and auxiliary to them are those of respiration, and the 
corresponding organs. 

Seventh, eliniijiation of effete matter. The organs for 
this function are at the anal termination of the enteron, and 
auxiliary organs are found associated with the circulatory sys- 
tem, as, in the higher animals, renal organs; and even the 
skin subserves the same function, in part, in perspiration. 

Differentiation of the Motory System into Muscular and Skeletal 
Organs. — This principle of differentiation might be traced in 
relation to the skeletal framework of the body; but these 
relations are not fundamental, and the organs arc adjusted to 
them to conserve convenience and compactness of arrangement. 
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motor organs, however, express their diPfcrentiation in 
f skeletal parts and in the form of the body. There are 
> types of differentiation of the motory- system resulting in 
b construction of what may be called muscular and skeletal 
items, or parts. Muscle and skeletal parts are correlative 
jl^each other. Hard parts of some kind, to which the general 
skflftal is applied, are essential to specialization of 
e direction of motion, and contractile muscles are just as 
Kntial to the motion of these skeletal parts themselves. 
"he relationship between these two elements of the motory 
ntcm is as intimate as that between steam and machinery 
B the steam-engine. 

Arohetrpftl Structure. — The further elaboration of this 
Kthod of analysis of organic structure may be pursued only 
V tracing tlie elements of structure to their specific charac- 
s in many separate types. 

Sufficient may have been said to emphasize the fact that 

5 a logical foundation for the idea of archetypal slruc- 

o much insisted upon by Agassiz, explained embrj-o- 

igically by Von Bacr as early as 1828, and expressed in 

Cuvicr's classification of the Animal Kingdom, in the four 

j;;eneral plans upon which the various kinds of animals were 

tonstrucicd. Cuvier wrote in r8i2- 

'■ , . . On trouvera qu'il existe quatre formes principales, 
■aatrc plans g^niraux, si Ton peut s'cxprimer ainsi, d'api&s 
•^^ quel tous Ics animaux semblent avoir ht€ modcl^s," etc. 

CvTier'a Clutiflcation. — Although, later, more minute stud- 
ies have produced modification in the systematic classification 
if the Animal Kingdom, Cuvicr's division of animals into 
Radiata, Arliculata, Molhisca, Vertebrata, expresses the most 
profound distinction exhibited by these organisms; and what- 
ever criteria wc take as the basis for classification, and with 
'light modification due to increased knowledge, these grand 
divisions of the Animal Kingdom stand out as pre-eminently 
; most important groupings that can be made. 
To «iy so much is not ap acceptance of the philosophy of 
t earlier naturalists as final. That thcix: arc a few genera) 
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plans of structure upon which the multitudes of animals 
built, docs not carr>' with it any theory as to the reasons 
the differences, or as to the mode by which the severalty] 
of structure came to be carried out in such multitudinc 
fashion. 

The fact is beyond dispute that there are a few types 
construction to which the animals of the whole kingdom cc 
form, and these arc expressed in the mature forms as well 
in the course of the individual development. Cuvier, whal 
he considered the mature results, found them to be four: w] 
one since has found reason to dispute the validity of three ot 
them. The branches Coelenterata and Echinodermata, consti- 
tute one of them — the '' Animalia Radiata;** the Arthropodi 
typify another — the ** Animalia Articulata;** and the Verte- 
brates include substantially the same organisms classified by 
Cuvier under the type *' Animalia Vertebrata." 

Von Baer's Embryological Classification. — Von Bacr, from a 
study of the course of embryologic growth, thought he had 
found a more intrinsic reason for the types in the modes of 
their embryonic growth than in the gross result. He defined 
them as the "peripheric type," with cvolutis radiata (i.e., 
the Radiata); 2d, the *' massive type *' (Mollusca), with ^"cvo- 
lutis coHtorta\' 3d, the '* lon<^itudinal type'* (Articulata), 
with cvolutis gci}iina, or production of symmetrical parts on 
both sides of an axis; 4th, ** doubly symmetrical type *' (Ver- 
brata), "with cvolutis bigcinina,"^ i.e., the development pro- 
ducin^r symmetrical development on both sides of a median 
axis, and also developing two cavities, one above and one 
below the central axis. 

Fundamental Divisions of Classification discerned by Earlier 
Naturalists. — If we throw the light of more recent investiga- 
tions uj)on the matter, we find it necessary to make expan- 
sion of those divisions; but very little alteration in the funda- 
nuiUal classification, thus early recognized, is required in 
order to exj)ress the scientific classification of present usage. 
Looking ui)on classification from this point of view, \\e first 
divide the Anitnal Kifii^^dont on the fundamental character 
of ccli-i^rowth. When cell-growth proceeds no higher than 
the multiplication of cells, having no differentiated and 
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complementary functions, the individual is not a compound 
oi^janism. but is always cellular. All such animals are 
grouped under the one division. Protozoa. 

When cells divide, so that as cells they are separate, but 
main in close association, with division of labor, one func- 
fiun played by some, another function performed by others, 
the result is tissue- and organ, and the individual is an organ- 
ized individual; this constitutes the group of Mctasoa. 
Classifying lliese Metazoa on the basis of the direction along 
which development of the specialized parts of the body pro- 
cefds, we find the same grand division appearing prominently 
before us as types of construction of the complex organism. 

The Polymeric Type. — There are two fundamental direc- 
tions along which their development proceeds. Taking the 
mouth, the opening or entrance to the enteron, as the centre, 
multiplication of parts may be around this centre (radiate), 
or it may be from it in the direction of the axis of the 
enteron (longitudinal); and besides these two ways there is 
probably no other direction of multiplication of parts. When 
the multiplication is indefinitely radial, it produces the antim- 
^yeres of the coral polyp, having chambers and tentacles dis- 
tributed about the mouth as tentacles, and extending back- 
B^Vvard as scptse in the body-cavity. The Ctelenterata ex- 
press this mode of construction in its most indefinite manner; 
the Echinodermata express it with definileness of number of 
radiations but with a tendency to the following type, and this 
^unay be named \.hi: poly iiii-rk type of construction, 
^K The Simeric and Honomeric Types. — The second path is by 
■ the specialization of the polymeric types with limitation of mul- 
tiplication to repetition in two opposite directions, forming 
bilateral symmetry. This is seen in some of the Mollusca, 
as in Fig. 35, representing the idealized prin.itJve Mollusk. 
This may be called the dimeric type of construction. 

In a third case there is no full duplication of organs, 
although the motion and the form are as in the dimeric type. 
This may be called the mommeric type. 

The Cephalopoda are in part polymeric, but in the main 
tn'inomcnc. The Molluscoidca arc polymeric and monomeric 
:i different parts of the body, Thus the britnches Ccelen- 
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terata, Echinodermata, MoIIuscoidea, and Mollusca are 
associated together by the fact that their development 
separate parts is in a direction radiately, or in circle about 
mouth, and hence they are antimeric Metazoa. 

The Metameric and Diarthromeric Types. — The Vermes andj 
the Arthropoda are, on the contrary, metameric ; the d^| 
velopmcnt adds parts by repetition longitudinally along thcj 
median axis. In the Vertebrates, in which there is added, 
as Von Baer already saw, the diarthromeric separation of 1 
dorsal and ventral cavity, with specialized parts distributed in 
each, the arrangement of specialized organs is on a monomcric 
plan, as in some of the Mollusca. 

Meaning of Typical Strncture and Types in Modem Zoology. 
— It may be remarked that the difference between the old 
and the more modern use of such classifications, as above 
made, consists in the theoretical value placed upon them. 
Cuvicr and Agassiz considered such ** types" as in the nature 
of '* ideal plans" which all animals for some reason were 
obli^^cd to conform to, and departure from the **type plan" 
or '* arche type" was an abnormality, or required tneoretical 
adjustment to the plan. 

In modern Zoology by the ** typical " structure of a group 
is meant a generalized statement of the most conspicuous 
features observed in the members of the class under con- 
sideration, and departure from the type in individual cases is 
evidence not of aberration in the particular case, but of imper- 
fection of the description. The fact that there is develop- 
ment along one or another line is important: the generaliza- 
tion of the law so as to cover the principle and omit the 
details aids the formation of clear notions; but the notions 
arc not the thin<rs, and the latter have to be constantlv recti- 
tied to express the increase of knowledge of the former. The 
four types of Cuvier had their representatives in nature, but 
all organisms did not stick closely to a particular type of con- 
struction expressed by his formulation of characters of the 
types. 





AFTER XIII. 
PHYLOGENESIS IN CLASSIFICATION. 



I Pnneiplea of Classification Illastntted by the HoUnsca i 
Duooidea. — In ordL-r to reach a closer view of the meaning of 
c fflationsliip of orfjanic form to the place in the time scale 
appears, we must examine more particularly the 
Inciples underlying the classification of organisms. 
The groups of organisms from which examples will be 
I chosen are the Mollusca and the Molluscnidea; chiefly for the 
reason that they present hard parts which are abundantly 
I)rcscr\'ed in the- rocks, and therefore afford more satisfactory 
records of their geological history than any furnished by any 
nther class of organisms. A second reason for selecting them 
ii the fact that the statistics, regarding the relation of their 
forms to conditions of external environment, are so satisfac- 
tory' as to be at least equal to those regarding any otlier 
group of animals. 

TIm Anthor'n Philosophy Reflected in his ClaBsification. — From 

wbat has already been said it will have been perceived that 

fonti and function are both regarded in the classification of 

'[-jjanisms ; but hitherto the fact has not been emphasized that 

the classification of organisms, i.e., the description and or- 

:izr\y arrangement of the characters which one is supposed to 

-tx in particular examples of organisms, is affected by the phi- 

' I'jophy of the classifier. At best the classification expresses 

> ill'.- author's interpretation of the laws of association of 

:; things: hence if we know the theory by which the 

.ii:ii'n is reached wc are hotter prepared to learn truth 

f.i-m the rir^iilting classilic.ilion. 

EBeet af Theories of Phylogenesis upon Classification. — Much 
13 found in the modem litcniture about phyIoi;cnesi_s as a 
I of cUssificatton, and it is supposed to supersede quite 
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entirely the classifications which were made by the -'--"--' 
naturalists who believed in the original creation of all s; 

The difference between the two methods is quite sim 
and may be explained in a few words. Cuvier and his school; 
observed the morphological characters of organisms, not al- 
ways knowing the exact physiological function, and compairf 
them together, and then wrote descriptions of the differma 
they observed. They separated organisms into distinct sp^§- 
cies and genera by the different characters they obser\'e<i ia 
each, and thus their method of classification is based upon 
observed differences in form. The new school of naturalists 
is intent, first of all, upon the discovery of the affinitm of 
each kind of organism studied. Their point of view is di- 
rectly the reverse of their predecessors. Their descriptions, 
and finally their classifications, are based upon the points of 
resemblance which can be detected upon comparing different 
organisms with each other. 

Analytic and Synthetic Method of Classification. — These two 
schools differ as to the kind of characters which they consider 
to be of chief importance in classification, and, as a general 
effect upon classification, the one school is apt to overesti- 
mate imagined resemblances, not to be seen by the ordinar)' 
observer, and the other may err on the side of making too 
much of external, often trivial, characters. 

Irrespective of the way by which the two methods of clas- 
sification arose, both methods are now in use and both are 
useful. 

In order to give them names, free from any accidental as- 
sociation connected with their origin or application, the first 
may be called the analytic metJiod of classification, the second 
may be called the synthetic method; and for the purposes of 
illustration Zittel's classification of the Molluscoidea and Mol- 
lusca in.iy be selected as examples of the analytic method, 
anil Lankester's classification of the Mollusca may be taken 
as an example of a synthetic classification. 

Ik-re, as elsewhere in this treatise, the reader must be left to learn the 
full meaning of the descriptions, only outlined, by a study of the objects 
themselves. No possible description of natural objects, particularly or- 
^janisms, can convey to a student impressions which he has never before 
cx[)crienced. And the best way for any one to gain a true notion of the 
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■' of the distinctions pointed out in tties 
.1 oj diff«reni kinds, to be found on the 
n^ of tiic expert zoologist a\ h^ind alte 



pages is to take a lot of 
lea-shorc, and nitli the de- 
ipl Id identify and classify 



: ihe naturalist who may possibly look into these pages will appre- 
>' more keenly than (be author. th« great difference belvcen such 
;<Miuciion as is here attempted, and \\\c earnest investigation of the 
.1 (j( organisms by a study of the organisms themselves. 

HoUoaca and Brachiopods as IlluBtrationB of Evolntional Hiatory, 
± AluUusca aniJ the Brachiopods present a peculiar inter- 
3use, having no skeletal parts, the mode of action, — 
kit of adjustment to environment. — the adjustment of 
\ parts and organs to each other in body structure, and 
^rks of stages of growth are all concentrated in an ex- 
, hardened, and therefore preserved, single, or rarely 
"ban two-parted shell, 

■ the extent to which such a shell can express the char- 

'f the organism, the perfection of its preservation, and 

:.! that so much of the individuality of the species and 

.:'.■ a number of individuals are accessible to study, give 

Uiis kind of fossil its great value in illustrating the problems 

^Witional history. 

^■(1'b Classification of the Branch HolloBoa.* — The classifica- 
WSi the Mollusca proposed by Zittel differs in some re- 
■ from that of Lankester, Gegenbaur, and many of the 
r modem zoologists, 

i branch Mollusca were included as sub-branches — 
Molluscotdea (which is a branch in Gegcnbaur's 
classification), 
with tht; Classes 1. Bryozoa ^ 

II. Tunicala (which is raised to 
the rank of a distinct branch 
by Gegenbaur); 
and III. BrachiopoJa. 
(Gegenbaur places Bryozoa with the Worma 

z TIlii c!»»Bifi(atitin was taken from the " Handburh." pulflished 
J year* »);"■ In the author's ' ■ Grunditlge " K 189; ). the 
liMoDnKoIdca arc reicgalvil to separate tranche*. In accordaac* j 
Ml ■»(«• The above passage is left .•■ orlgioally arUtea \ 
^f(«ll UlnstiattB the point undiir diatussion. S«« Am, Jamr. SH., 



340 



GEOLOGICAL BIOLOGY. 



(Vermes), and treats of Brachiopoda as a distinct 
class, but allies it on certain accounts with the 

I Vermes.) 

I B. Mollusca (proper). 

Class I. LameUibranckiata. 

2. Gastropoda. 

3. Cephalopoda. 
Tile embryologists make greater point of resemblances 

observed in the early stages of development, and hence the 
distribution made of Bryozoa and Brachiopoda next ibc 
Worms, and Tunicata next to Vertebrates: but when the 
mature animals arc studied and compared the Brachiopoda 
are found to possess structures closely resembling in impor- 
tant features the Mollusca proper 

The cmbryological resemblance of Bryozoa and Brachi- 
opoda to worms is lost when the adult stage is reached. 
Hence, for the geologist particularly, the association of the 
two is not suggested by any apparent similarity of characters. 

Fointi of View of the Embryologist and of the Horpholofllt. — 
In studying the philosophy of natural hislorj' it is interesting 
to note this difference in point of view between the strict 
embryologist and the pure morphologist. They compare 
animals on a different basis, and therefore there results in 
some cases a different classification. 

The embryologist classifies animals primarily on the theoiy 
of phylogenetic relationship ; the student nf adult morphology 
classifies them according to the nature and extent of differen- 
tiation attained in the adult. Here, too, the two example* 
selected will illustrate the differences. The two modes of 
classification differ much as the classification of houses migbt, 
v\t. by considering them, either, according to the styles 01 
schools of architecture, as Norman, Roman, Queen Antic, 
etc.. on the one hand, or according to the materials of con- 
struction — brick, stone, or wood, on the other. 

The line of descent, through which any particular organ- 
ism has come to be what it is, is all-important if it can be 
discovered by the study of embryology; but of no less impot» 
tance is it to distinguish the different and similar structui 
which have been developed for the accoroB^^unEll^i^ 
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functions in organisms, whethc 

relationship. 

Smbryolo^cal Likeness of Oi^anianiB whose Mature Characters 

DiTerse. — In groupinji the MuUiisca with the Moiiuscoidea 

is no] denied that they may dJFfer in origin — even that 

their earliest stages of development Brachiopods may be 

-< in to Worms and Echinoderms; and what animals are not? 

he adult modes of life and construction of hard parts of 

L« Brachiopods presented greater resemblance to the Mol- 

in the Cambrian than they did to Worms or Echinoderms, 

it is not ignorance alone which has led the paleontolo- 

H to compare them in studying the faunas of geological 

. On the other hand, when we go back to the primi- 

stcps of development of the germ it is to be expected 

only that two branches will show likeness of dcvelop- 

rnt, but i( wc should go back far enough wc shall meet 

rith no visible distinction between the germs of all the 

Mcioioa; in /act all animals, if we go back far enough, may 

be supposed to present no differences. On the ground of 

tnibn'ology , the Tunicates are akin to the Vertebrates; the 

Worms arc akin to the Echinoderms, the Moiiuscoidea, and 

the Vertebrates; but the differentiation took place ver>' far 

iuck in geological time. 

Brclation not Traceable betweea Different Clasies.-^The ar- 
rangement into branches, therefore, is from a structural point 
".i %'tew highly artificial ; and for purposes of tracing the his- 
■.■•ry. or even from a taxonomic point of view, it is of little 
iniportancc lo deal with characters more ancient or of higher 
'ank than the class characters, 

It may be convenient to associate the classes together into 
-.irger groups; but to reach the point of real union of thcii 
characters, in order to associate two or more classes in * 
commua {{roup, leads us far back into the uncertain mists ol 
ihc earliest geological lime, and into the similar mists of em- 
bryonic homogeneity. It is impracticable in the present 
'.tgc of science to trace the evolutional history' of classes. 
Tlic MoUusca and Moiiuscoidea arc of particular interest 
lacking internal skeletal parts, and developing a 
le ur two-valvcd shell, there ts concentrated on this shell 
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evcr\*:h!ni:: recordable of the characters of the whole organisa,] 
These shells from their imperishable character are preserved^ 
ir. the rocks in great numbers, so that variations arc (outtJ' 
for c^^"in.ira::ve stud v. The particular consideration of these 
h.-.rJ. : Arts and the study of the marks upon them, whick 
h,i\ e vieterniined the classifications of the paleontologist, can- 
:: : be over'ooked when it is an historical study we make of 
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ii.i'.i::^ in view the importance of the characters of these 
h.irvi : \irts. of narts which can be examined both in livitig 
.i'...: ::>>:'. con^iition, Zittel has described and classified them 
.uc r.::r.^ to the characters which thev exhibit in their ma- 
t-iTL c ::o.:tion after their development and whatever of evo- 
!;::: :: h..is taken place in their histor\*, are complete. Thefol- 
h .\!:.^ :< a tra:^.s'.ation of Zittel's description of the MoUusca: 

General Character of MolluBca. — For paleontologists, and 
:\-::ic.:!.\r!y fv^r c^ol'^^i^i^ts, the Mollusca present a peculiar 
iT.tvV.-:: \^^v a".', these classes, except the Tunicates, furnish 
:.;::v.v:« ;:s loss:! remains. Principally the shells of the Bra- 

ovvis. o\ tile Laniellibranchiates. the Gastropods, and 
Oils, are so widelv distributed in the formations of 
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:*:k :v:;oo.s vm" the earth, that one chooses them in prefer- 
\ .t- characteristic molluscs r' Leitfossilien '*), wherever 
:l:v .;::. nipt is maJ.e to determine the age of the different 
Sv .i::r.v!:tar\' formations. It is quite evident that it is only 
tli^ ca!c.irci»ii< >he!Is, their moulds in stone, or their imprints 
wiiicii are at the service c»f the geologist. But as these fos- 
sil> are ordinarilv tli^^tin^uished bv their characteristic form 
a:ul by their \.u'ied ornamentation, as the classification 
witlii!! the sever.il chisses is essentially based upon the char- 
act <r>^ yA the shells, there is established a special science, 
l'»«iu h«^I«v'v. which the ;Teoh>Liist particularlv cultivates. 
M«'ro>v«.r. althnuj^h the characters presented by the shells 
air >^«) insignificant, they are often tleceptive: as in the case 
whole the animals of (piite tlifferent organization (Patella. 
Ancvlus* are able l(^ produce shells absolutely similar: so the 
cla^^ituation of sIkIIs re(|uires. as in the other divisions of 
tilt' Animal Kini^dom. a firm z«)<>lo^ical basis, and the deter- 
mination of species should be made according to zoological 
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Kiples. On account of the relative case in determination 

Kcics in Conehology, the molluscan fossils have always 

I particular favor with mineralogists and geologists. In 

Mother division of the Animal Kingdom it is impossibli: to 

Wert, describe, and figure fossil remains in such great abun- 

icc: and besides, it can be said that the major part of 

5 bibliography in Geology and Paleontology is devoted to 

plls — not always, it is true, in an ideal manner. If, indeed, 

lufficient knowledge of living Mollusca is a great cause 

ifr«?iiuent errors in the determination of genera, so too the 

permination of species is at present in an almost chaotic 

bclttion. As each author, according to his own views, 

Bends or contracts the limits of species, it happens 

■t one rarely finds in the works of different authors the 

Tttical fossils of the same fauna described in the same 

ns in the definition of characters. A chief cause of this 

Infortunatc state of atTairs comes from the vertical range of 

J Mollusca. Very frequently in a series of superimposed 

5 of different age one meets with a characteristic type of 

which the specimens from each of the different formations 

'although presenting minor differences) preserve a special 

I .cics throughout. In older works all the mutations of such 

- scries of forms were considered as belonging to one and 

-.ax: same species, while more recently the inclination is con- 

i>icuou« either to raise the smallest differences of their kind 

to the rank of different species, or to distinguish them from 

one another by applicition of trinomial names. Mollusca are 

in major part aquatic. Of these classes, the Tunicates, the 

Brjchiopods, and the Cephalopods, live exclusively in the sea. 

The greater part of the Brj'ozoa. the Lamcllibranchs. and the 

Gastropods arc found in salt and in fresh water. The class 

lOf Gastropoda alone presents representatives living in salt, in 

ickislt, and in fresh waters, and terrestrial species. All the 

s capable nf preservation appeared in the Lower Silurian 

'obably all in the Cambrian), The Hracliionods attain the 

ixitn of tlicir development in the Paleozoic age, the Ccph- 

«ls in the Mcsozoic; the Lamcllibranchs and Gastro- 

s appear to have continued their differentiation and ex- 



sion quite up to the Tertiary c 



:cent period. 



244 



GEOLOGICAL BIOLOGY. 



Kolluica, — An animal presenting bilateral symmetry; so( 
body, non-sfgmented; possesses neither internal skeletoi 
nor external skeleton; shows digestive oi^ans verj' wet 
developed, and a nervous assophageal collar, with three pair) 
of ganglia in the highest types. Very many MoUusca secrete 
in a fold of the skin, called mantle, a calcareous shell ivitb < 

jle or two valves; others are entirely naked, and develop 
no solid formation. Respiration is mainly effected by gilia 
or branchial, more rarely by lungs or folds of the skin. A 
circulatory system impi;rfectly closed, with a pulsating organ 
driving its contents to the periphery, exists in Mollusca, 
except in the lower types. Reproductive organs, differen- 
tiated into sex organs, sometimes hermaphrodite and some- 
times separate individuals, and in Bryozoa by budding and 
formation of colonies, and of v.irious forms. All these animals 
now called MoUusca were ranked with Worms by Linne. 

The Holluscoidea are particularly characterized by a cal- 
rcous shell, horny integument, or cellulose tissue. Respira- 
tory organs often in front of mouth, as tentacles or appen- 
dages; central nervous ganglion, between mouth and anus; 
besides sexual reproduction, often also budding. All aquatic, 
and mostly marine. 

Bryozoa, — Small animals, increasing by budding, and united 
into colonies, branching like moss (hence the name), and form- 
ing incrustation, etc. Animals enclosed within membranous 
or calcareous cellules, and possessing at the anterior extremity 
of the body a mouth surrounded by tentacles; no heart; 
intestine; well-developed body; anal opening near mouth; 
hermaphrodite. 

Tunicata. - — ^ Sac-like animals, free-swimming or fixed, 
united into colonies; hermaphrodite; furnished with an enve- 
lope (mantlej having the consistence of cartilage or leather, 
which completely surrounds the body, and presents only two 
openings. Branchis on the intern.il part of the cavity 
formed by the mantle: mouth in front of the branchial sac; 
heart tubuliform [now ranked as a separate branch]. 

Braohiopoda. — Soft animals, living solitary; furnished will 
a bivalve symmetrical shell, presenting two free lobes o( tiK 
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mantle, which secretes the two shells; near the mouth t«o 
respiratory arms, rolled into a spiral; heart present. 

The Kolluioa (proper), — The Mollusca (strictly speaking) 
^ilw.iys multiply by sexual reproduction, never by budding; 
n.--])iratory organs either branchia or lungs; a centra! nervous 
ivi^ss (brain) with three pairs of ganglia; body enveloped by 
,t thick mantle, which frequently secretes a shell of one un- 
arliculated or of two articulated valves; mouth with or with- 
out maxillary appendages, 

Lamellibranohi. — Mollusca, with an unsymmetrical bivalve 
shell, furiiishi-d with a large mantle split into two lateral 
lobes, upon which the branchial lamellae are developed 
equally from one part to another; the two valves of the 
shell arc united by an elastic ligament, and generally by a 
hinge furnished with teeth and sockets; mouth and arms 
situated between the branchia in the plane of separation of 
tlic two valves; ordinarily there is a muscular foot. 

Outropoda. — ^Soft animal, creeping, more rarely swimming, 
with a robust muscular foot; presenting a head more or less 
distinctly separate from the trunk, and a mantle undivided, 
which generally secretes an orbicular shell in form of a low 
cone or shield, or spirally enrolled. 

Cephalopoda. — Head pointed, separated from the rest of 

body; sense organs, especially eyes, attaining high degree of 

perfection ; mouth surrounded by a crown of muscular arms. 

3ody sac-form: 2 or 4 arborescent branchia, placed in a 

tvity formed by the mantle; shell often spiral, of one or 

my chambers, sometimes internal, or again entirely wanting. 

VVhiic the Bryozoa and the Tunicates are scarcely above 
iliL- Calient crates, and are inferior to the Echinodermcs, con- 
idering the differentiation and perfection of their organs, 
liie Cephalopoda should be ranked, without doubt, among the 
imwt elevated of invertebrate animals, and in some respects 
ihcy seem superior to certain vertebrates. * 

In contrast to this analytic classification of Zittel, in which 
le definition and grouping of the organisms is based upon 

visible and generally conspicuous characters distinguishing 

"ZilMl, " Hanlbuch der Palxontologie," vol. f. pp. S7I-S75, 
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the mature individuals, we turn to the synthetic classification 
of the same organisms as presented by Lankester, in which 
the distinguishing points are chiefly found in those characters 
by which resemblance or relationship to some other different | 
ofi^anism is traced. 

In the first case differences and in the second case resem- I 
blanccs form the chief criteria upon which the classification is \ 
based. 1 

Lankester's Classification of the MoUnsca — According to Pro- 
fessor Lankester.* whose classification is one of the most rad- 
ical and modem, the branch MoUusca includes four classes, 
divivled into two groups: Class I, Gastropoda; Class 2. Sca- 
phojunla; Class 3, Cephalopoda; Class 4, Lamellibranchia. 

The Co&lomata — Among the Metazoa, to which he applied 
the name Knterozoa in distinction from Protozoa, Lankester 
revoi;!\i/ed two fundamental divisions: (A) the Coelentera, in 
whieh the enteron or digestive cavity communicates directly 
and is evMitinuous with the coelom or body cavity; (B), the 
C'a loniala. including the Mollusca and higher invertebrate?. 
in \\hich the enteron is separate from the coelom which sur^ 
roiMuN it aiui with which it communicates through its tissue^ 
In osni«>>is. riie products \>{ digestion thus transmitted 
into the eirliMU or bv>dv cavitv are distributed throucrh 3- 
s\vt,in v>t' eanaU and eavised to circulate by a contractile? 
«Mi;.in whuh in its ni^re <.lit1erentiated condition is the heart. 
I lu- sjHv'i.il advance in vlitTerentiation in the Ccelomata con- 
Mst^ in the reparation i>t the aliinentarv cavitv into a distinct 
di:v .ti\«.- ea\itv and aw assimilative cavitv, the circulative 
aiul iMiiiiuatixe tiinctii>ns heini; auxiliary to the general as- 
''Mr.;!.i! i\ i\ as distinet fr*ur. llie dii^estix-e. functions. 

Dosoriptioii of the Mollusca.- - Hie M^Husca are typically 
i 'I '.■•niata. They lia\ e .ii^o. in eoniin»»n with the other Cce- 
l.'iu.it.i. a ie;.Mon in triMil i»t' the mouth developed as the ex- 
i'i V ^-i. 'U »>l the spt\i.ili/ed tunciiiMi oi" //;\\-,7n/, as distinct from 
I. 't, It. 'IN. ■".■.■/;.".■.• and in ihi^ re-'ion. which Lankester calls 
I ho ,'".'x /(■////. •///;, are ditferentiated, when present, the chief 
ni-.ms i)t s^Mse. As tv) bi>dv form, the Mollusca have differ- 
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■:-\ 3 permanent bilateral symmetry, which may be 
;ed as tKe final elaboration of the radial type of diPfer- 
iTialion which was dominant in the Ccelenterata and Echino- 
mat.i. In those branches the antimercs are numerous, or 
'• least five, and the bilateral symmetry is only partially ex- 
tHtcd, while in the Mnllusca it is a dominant character in 
r adults. In the Vermes and Arthropoda the bilaterality of 
1 somite is further differentiated in the longitudinal direc- 
I by the division into segments. Although the order of 
ik exhibited by this mode of differentiation of parts would 
us to look for Coelentera with multiple radiate struc- 
: first, then the differentiation of the Medusa, then the 
hinodermata. with symmetrical radiation, then simple bi- 
icrality of the Mollusca, to be followed by Vermes and 
Jthropoda, we actually find that the Arthropoda are al- 
■dy Abundant in the Cambrian, and in the Trilobites con- 
ute the dominant type of organism. 

DiffMtire Byrtem in the Molluica — As already suggested, In 
e Mollusca the alimentary system is differentiated into a 
digestive cavity. The products of digestion, finding their 
,iy through the walls of the digestive cavity, are received 
!ilo a system of canals with a contractile reservoir, which is 
lie circulatory blood-system. In connection with the ali- 
mentary system is also developed in the higher Mollusca, 
.nd perhaps in all the classes, organs called nephrUia. which 
ire apparently purificative in function, and are primitive 
• idocys m differentiation. In all the Ctelomata gonads or 
-jjccial reproductive organs are differentiated. 

Xiucalar, Venrous, and Kotory Syitems of HoUuica. — Muscu- 
lar ttMut is distinctly differentiattd, and also nervous tissue. 
with the peculiar specialized functions of contractility and 
I: fenMbility. The nervous system consists of a gangliattd ring 
c-fibrcs around the oesophagus, and in the higher 
( o( Mollusca spfciat seme-organs arc difTercnliated for 
a and sight. The motory system is developed in a char- 
; way in the several cla,sses of Mollusca, in a foot 
llis the most permanent and characteristic feature of the 
E simplest way of expressing tl 
:hc structure of the organism : 
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development of its organs is to compare it with the radiate 
type of the Coelenterata — to suppose a Coelenterate with 
its row of tentacles, specialized in function and differentiated 
in structure, so that, first, the contractile function is on the 
one side, and muscular tissue is developed in place of numer- 
ous tentacles, thus forming a mass of fleshy tissue contracting 
in two directions and accomplishing locomotion; while the 
correlative function of sensibility is specialized on the other 
side of the mouth into two tentacles, with, in some of the 
higher types, distinct and well elaborated eyes for sensation. 
In the Coelenterata the tentacles are both sensitive and con- 
tractile, they arc multiple, and muscular tissue and nervous 
tissue are not fully differentiated. 'Y\i^ foot of the Mollusca 
may be considered as a specialized motor organ, in structure 
it is differentiated muscular tissue, and marks the side of the 
body as ventral; while the tentacles^ as of the snail, are spe- 
cialized sensory organs expressing the differentiation of ner- 
vous tissue for the special function of sensation, and mark 
the dorsal side. In the Mollusca and in other branches the 
gangliation of tJic nervous eord is co-ordinate with supply of 
nerve-fibres to specialized organs: thus as the sensor^' organs 
arc more elaborated and specialized there is developed a 
large nerve-ganglion on the corresponding part of the ner- 
vous ring, and the foot too has its special nerve-ganglia de- 
veloped. We find also specialized in the Mollusca tissues 
for secreting fluids aeeessory to tJie digestive function, and the 
differentiated organ for this purpose may be compared to the 
liver of vertebrates. Tlur stoniaeJi is not, however, highly 
differentiated from the digestive tract in the lower types. 
Tile Mollusca have specialized organs for respiration. These 
oiLians— the ^i/-//A\ ox mantle fringes — are present in all; but 
in the class Lamellihranchia tlie function is not entirely re- 
spiratory, but is also partly ingestive, or has to do with bring- 
ing food to the mouth. 

Differentiation of the Nervous System. — The nervous system 
is differentiated to correspond to the differentiation of other 
organs, and in two directions; at an early stage contractility 
and sensibility were differentiated. Sensibility, then, has 
two essential relations: sensibility as receptive of impressions 
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■n without, or sensation; sensibility as active, or excita- | 
f the functions of organs, reflex or motor action. The ] 
■ ntiation of the nervous system corresponds with this | 
- i.tion. In the tower Moilusca the distinction between | 
iwo functions is little seen; but in Gastropoda, (or in- 
.L-. ant] still more in Cephalopoda, special organs are dif- 
iiiatcd for sensation, and the nervous system is in com- j 
ijation with each of the differentiated sets of organs, 
liating and directing their activity. All this differentia- J 
ji associated with the distinction of polarity of motion; I 
T crvous system is essentially co-nrdinative, and binds to- \ 
i-r the activity of organs in the way of compensating fof j 
'jKinition uf parts due to their differentiation and devel- I 
i.L!it in size. The nervous system compensates for sepa- I 
' n of the functional activities of the organism, and the 
uiculalorj' system compensates for separation of the physical 
puis of the body of the organism, maintaining unity for the 
wism co-ordinate with the physiological specialization 
Itbe morjihnlogiciil differentiation. ■ 

Classes, and Sabclasses of Hollnsoa. — Lankes- I 
I division of the Moilusca as a Phylum is first into two j 
Caches : J 

Br^inch \. the Cfossoffiora, characterized by a "head 1 
K^a more or less prominently developed; always provided 
with a peculiar rasping tongue — the odoniophore — rising 
from the Boor of the buccal cavity;" and 

Bnnch B, Lipocephala, of which the characters are 

"Mutlusca with the head region undeveloped. No cephalic | 

eyes arc present; the buccal cavity is devoid of biting, rasp- 

ag. or prehensile organs. The animal is sessile, or endowed j 

xith very (c«ble locomotive powers." 1 

All these latter branch characters are practically negative \ 

ictcrs: the Glossojihora is a group formed of the Moilusca I 

1 possess in common a few important characters, and the I 

rephala are those which do not possess those characters.^ 

line class i^ recognized in the Lipoccphala. i.e., tbCM 

I llibrnnchia. The Glonsophora comprise the three claasctfl 

'. Gaslropmln, with two subclnsscs, (t) the Isopleura an^| 

|ll^ Aniiopleura: second, the clasd Sciiphopoda; third, thfl 
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■tlass Cephalopoda, with two subclasses. (,i) the Ptcropoi 
I (2) the Siphoiiopoda. 

The classes arc chiefly distinguished by modificatiooifl 
■ the foot, as is beautifully shown in Fig. 57. 




In the Gastropoda the foot is simple, median in position, 
land flattened so as to form a broad, sole-like surface (No. 3), 

In the Scaphopoda the foot is adapted lo burrowing life 
I in the sand. 

In the Pteropod the mid-foot is developed laterally into 
lp3cldk'-like swimming organs, and the fore-foot may be spe- 
Icialixcd into tentacles (Nos. 4 and 5). 

In the Cephalopoda the fore, middle, and hind foot paiti 
Eftre separately specialized, the fore-foot merging with the head 
Bart and developing into ann-like processes, in some 
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beset with hooks or suckers, and the mid-foot is developed 
into a tube either closed or with lapping edges (No. 6), 

Distinctive Features of the Lankeiter Classification. — The 
distinctive fi;aturi: of Lanktstcr's classification is seen in his 
descriptions n( the subclasses. To show the nature of the 
characters selected as definitive of the divisions recognized, 
the chief characters of the subclass (2), Gastropoda Aniso- 
pleura, will be quoted, and for any further details the reader 
is referred to the fully elaborated and illustrated article in 
the •■ Encyclopedia Britannica '' on Mollusca. 

The definition includes the following characters, viz. : 
"Gastropoda, in which, whilst the head and foot retain 
the bilateral symmetry of the archi-MoHusca, the visceral 
dome, including the mantle-flap dependent from it, and the 
region on which are placed the ctenidia, anus, generative and 
nephridial apertures, have been subjected to a rotation tend- 
ing to bring the anus from its posterior median position, by 
a movement along the right side, forwards to a position above 
the right side of the animal's neck, or even to the middle 
line above the neck, . . , The shell is not a plate enclosed 
in a shell-sac, but the primitive shell-sac appears and dis- 
appears in the course of embryonic development, and a 
relatively large nautiloid shell (with rare exceptions) develops 
over the whole surface of the visceral hump and mantle skirt, . . 
"The shell and visceral hump in the Anisopleura incline 
normally to the right side of the animal. . . . Atrophy of the 
representatives on one side of the body of paired organs is 
very usual." (p. 644.) 

In these descriptions it will be noticed that characters 
chosen as distinctive are based upon comparison of the type 
under description with forms from which it is supposed to 

n^vc been developed embryologically, or from which it is 

^Blpposed to have descended by evolution. 

The Gastropoda Anisopleura is conceived of as a Gastro- 
i'<'d mollusk which has become modified in a particular way 
I the course of evolution. 



CHAPTER XIV. 

THE ACQUIREMENT OF CHARACTERS OF GENERIC, 
FAMILY, OR HIGHER RANK ILLUSTRATED BY A 
STUDY OF THE BRACHIOPODS. 

In the foregoing chapters the history of organisms has 
been considered in its general principles. 

We have noted how organisms are, in general, different j 
for different periods of geologic time; how the peculiarities 
of structure and function, which have led to their classifica- 
tion into many different classes, orders, families, genera, and 
species, are intimately associated with differing conditions of 
environment. 

The steps by which the individual organism acquires its 
morphological and physiological characteristics have been 
examined, and the course of this development for each indi- 
vidual has been found to be determined by the ancestry from 
which it sprang. 

The principles of classification have been discussed, and 
from the investigation in this direction it has been learned 
that each organic individual develops in the course of its 
iiuli\'iclual growth not only the specific, but the generic, 
family, ordinal, class, and branch-characters of its parents. 
These characters have various rank in the classification; those 
which arc of higher taxonomic rank are found to be of more 
ancient, and those of lower rank of more recent, geological 
origin. Therefore we may conclude, as a general law, that 
the lower the taxonomic rank of the character the shorter has 
been its life-period, i.e., the period of time through which it 
has been repeated by ordinary generation. 

The various opinions regarding the nature of species have 
been discussed. All naturalists find the employment of 

species necessary to their science, though the exact definition 
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THE ACQUIXEME/^T OF CHAK.iCTEKS ILLUSTRATED. 2S3 

of the term and the exact determination of any concrete 
species are difficult to accomplish. 

The examination has revealed the fact that the funda- 
mental difference in opinion regarding species turns upon the 
belief as to the mutability or immutability of species. 

The idea that species are mutable is intimately associated 
with the inquiry. What is the "origin of species"? In at- 
tempting to answer this question the deeper ones arise, i.e., 
What is evolved in evolutionf and What is mutable? 

The answer was that in any individual case all that is 
evolved is to be found in the variation exhibited in those 
characters by which it departs from the exact imitation of the 
chantcters of its ancestors, and that evolution consists in the 
acquirement of characters not possessed by the ancestors. 
\Vc examined the classifications of the Animal Kingdom 
particularly, and we found that, looked at analytically as 
composed of a vast number of different structures, or synthet- 
ically as a multitude of related organisms variously differen- 
tiated, and differentiated to various degrees along a few 
general lines of evolution, the Animal Kingdom is divisible 
into a number of definite groups, marked by definite organi- 
itation, all the grander features of which were outlined in the 
Cambrian age. and the large majority of all the differentia- 
tions of even ordinal rank had been accomplished in the first 
quarter of the recorded history of organisms. 

It is evident, therefore, that we must read the law of 
evolutinnal history in terms of the genera and species as they 
arc distributed in families or in orders. 

0«neric aad Specific Evolution Dlnstrated by the Braohiopoda. 
— In order to study the successive appearance of species and 
genera, it will be necessary to turn from the more general 
characters to the minuter marks distinguishing species from 
species, or at least genera from genera. For this purpose no 
"-■Iter group of organisms can be selected than the Brachiop- 
'da. In presenting the results of this analysis the paleon- 
tologist will miss that elaboration of the facts which would 
make the discussion of most practical use to him. The brief 
limits of this introductory treatise do not admit of this; and if 
the presentation of the facts shall stimulate some such reado 
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to open up the immense field of investigation which is here 
suggested, the author's purpose in writing this book will be 
fully rewarded. 

Brachiopods Thoroughly Differentiated in Early Paleozoic Time. 
— When we critically examine a group of organisms like the i 
Brachiopods in their historical relations, we find a law of j 
successive appearance in geologic time of new characters, but 
we arc obliged to consider them minutely in order to under 
stand what is the nature of the evolution. The more impor 
tant characters were already present at the earliest period in \ 
which records are preserved. 

Both of the orders of Brachiopods (Lyopomata and Ar- 
thropomata) appeared in the Cambrian, and they are repre- 
sented by numerous individuals and genera; and, according 
to Waagcn, there are three well-defined suborders of the 
Lyopomata, and all of these were expressed certainly as early 
as the base of the Silurian. If we take a later tabulation of 
the ^^encra and classification of Brachiopods,* we find 11 
families of the Lyopomata with 55 genera, and 19 families + 
14 additional divisions recognized as of subfamily rank, with 
220 recognized genera belonging to the suborder Arthropo- 
m.'ita. Of the total 275 genera, recorded by Schuchert, 50 
of the 55 Lyopomata and 139 of the 220 genera of the 
Arthropomata, or 189 of the total 275, i.e. about 68 per cent, 
ap])carc(l in Paleozoic time; and 17 genera of Lyopomata 
and 5 genera of Arthropomata are already known in rocks 
as ancient as the Cambrian system. 

Many of these Extinct since Paleozoic Time. — These figures 
will give an idea of the great antiquity of the Brachiopods, 
and (^f the earlv elaboration of the differences which are ex- 
pressed in the systematic classification into genera. Another 
fact can be expressed in mathematicai form: not only were 
the Brachiopods greatly evolvetl in early geological time, but 
many of them have become extinct. Of the 189 genera of 
the Paleozoic time 7 lived on to Mesozoic time, and of these 
at least 2 genera still live. 

Generic Life-periods of the Brachiopods. — Again, although 

* Viz., thai of Schuchcrl, in the American Geologist, vol. xi., March, 1893, 
p. J.I. etc. 
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An ancient type of animals, and expressing great persistence 
in some lines of succession, they also present very clear indi- 
cations of definite succession and limit in their generic life- 
periods, as may be expressed again numerically in the follow- 
ing way: To express this law we may select a group of re- 
lated forms, grouped under three families by Schuchert, the 
TerebratidiiUe, the DyscoliidtE, and the TerebratellidiE, in which 
are known 66 genera. Of these genera 13 were initiated in 
the Paleozoic (1 Ordovician, 1 Silurian, 5 Devonian, 6 Car- 
boniferous) according to present statistics, 38 in the Meso- 
zoic (7 Triassic, 23 Jurassic, 8 Cretaceous), and 10 arc known 
only in the Recent. Of these 66 genera 41, or about \, 
have a recorded continuance of only one era, 1 1 are recorded 
from two contiguous eras, 2 from three, 4 from four, 4 from 
five consecutive eras. 

Climax of Generic Hvolntion at a Definite Period. — If we go 
r.nt: step further, and analyze the range of the genera of a 
i;_;!c subfamily, we see the law of evolution expressed with 
iter clearness. Using Schuchert's list of genera, we find 
;,,.ii the subfamily of Dallinmie (the first division of the 
l.uiiily Tcrcbratcllidjc) contains 22 known genera; all of these 
iire known not earlier than the first period of the Mcsozoic. 
f )f them, 3 genera are first seen in the Triassic, 1 3 first in the 
Jurassic, 2 first in the Cretaceous, i first in the Tertiary; 3 
.irc only known as recent species. In this case it is perfectly 
evident that the group is a Mesozoic type, that it began to 
appcr in numbers in the Triassic, that its greatest expansion 
was in the Jurassic, that as a subfamily it is not now extinct. 
We draw from these facts the conclusion that there was 
constant evolution going on, that all along geological time 
old types were dying out and new ones were being initiated 
..r introduced. It is by studying the characters expressed by 
ilicse successive genera, and noting their relation to each 
<iiher in the order of their succession, that we catch a glimpse 
n{ the actual facts of evolution as they have taken place in 
the past. 

In order graphically to express the grand facts of the 
'lutional history of the various types of Brachiopoda the 
lliwing diagram of the evolution-curves of the various divi- 
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sions of Brachiopods, in terms of the initiation of new genera, 
is constructed (Fig. 58), 
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Tlirsi; facts L'xprosscd in numerical form arc as follows: 



l,[STS|. 



37 34 34 33 33 12 



|{..' 



Aiicylritir.ichia. 67 " o 1 i ; 6 7 23 ^ 3 3 10 

Its InterpretatioiL — The two subclasses (if we call the 

liracliiopods a class) Lyopomata and Arthropomata arc 
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' . li shown in their strong historical contrast, the former 

-.'. Fig. 58) culminating its generic evolution in the Ordo- 

lan, while the Arthropomata {n-a') culminates in the 

-iurian, but continues to differentiate until the middle of 

. Mesozoic; and the several distinct linos of differentiation 

I expressed by the curves for the several suborders, whiob, 

: ■- recognized in the classification of Schuchert.* 

This classiBcation recognizes the Brachiopoda as a cli 
anij Arthropomata and Lyopomata as subclasses. The 
Arthropomata (rt-rt") are divided into two orders, (i) the Pro- 
trcmata {p-p") (Beecher), including two suborders, viz., 
TnilUcea {h-b'), and Tbecacea {<-<'): and a second order, 
Telotrcmata {t—f'), with the suborders Rostracea, Helicopeg- 
mta(A-*'), and Ancylobrachia, («-«'). 

From the irregularities of the curves made by these sub- 
■ linal groupings of genera the indications are that the 
Miciacca {c—c') is compounded of three distinct groups, hav- 
ing separate courses of evolution culminating in the Ordivi- 
can, in the Carboniferous, and in the Jurassic, respectively; 
the Trullacea (*-A'), the Helicopegmata (A-A'), and the An- 
..lobrachia {«-«') are apparently natural groups; at least 
: '- present evidence expressed in the structural classification 
rrcsptjnds fairly well with the classification based upon the 
!c o( differentiation of genera within each group. 

The Trullacea are the earliest forms of articulate Brachiop- 
:.i known and their development was earliest of the fami- 
r — tixj early for the exhibition of good evidence of actual 
iercntiation; but the Helicopegmata (/<-/(') show thebegin- 
; :qg of diflerentiation as late as the beginning of the Silurian 
, and as their history has also an ending at about the 
Idle of Mcsozoic time, a study of their history sliould 
r some light upon the problems before us. The Ancy^. 
hia (m~w') beginning its differentiation about the s 
, and continuing to increase, reaching its culmination 
[ Me9O20k, presents descendants of the old genera aitd' 
: new genera even in Recent time. This group of 
I nuy be (Studied in detail on account of the fuUCr 

I Brxhiopoila, by Chiules Schuchcii, rkt Am. Q 
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records, the greater time-duration covered by its differentit 
tion, and because living forms have been carefully examined 
and their structure and course of embryological development 
are well known. 

Hojority of Charaotert of Living Braohiopods traceable to Cub 
brian AnceEtoTs. — From this tabulation of the range of the 
Brachiopoda it is evident that a great j 

majority of the characters which any 
individual Brachiopod exhibits (as a •-.,_ /]J!J^._..4^ 
specimen of the Terebratulina septen- 
trionahs now livmg in large numbers p../ . 





Kio. S9. Fic, 6,. 

Fic. <n - T^rlralulita irflmlrifnaUi. Wfwi M thr inlirnal itnicture. Ihc pfdidt vulvt bci 
r.iiimt,l u ,1. /.r= [If Jul.-; ™ = r,.|ra.li.r mi» k ; j= ,lii-ll of laachili v.l«; _■■ 

Fic;'. (.,.»■. Shi'll of a Trrc'liriiliiLi. .l/t -;.m1rn,-p'~1frii>r ^ii< ; C/> :^ hohii.niul m 
I- antral <.r piJirle v,.lvr ; />:;,l„t..il ... I.rail.iiii valvir; >= JK:dkk : / = iur.mc 

off the C0.1SI of MaincMl-'iK- SV- ^^^ ■'1'^" l''i«s- ^'O and 6i) a 
of very ancient date, and can be accounted for by doscei 
without modification through direct ancestors running bat 
to tlic early Cambrian time. 

Tliese characters may be enumerated in the followii 
manner. The earliest Hrachiopod possessed all the chara 
ters essential to each of the following taxonomic division 



A. Orj^niiisHi. — All the characters which it presents, distil 
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sfaing it from matter in an inorganic state, were diffen 
ll before the Cambrian. 
|B. Animal. — All the characters distinguishing it fronT 



J| 



JC. \tolluseoidea.—^\\^t special characters of this branch 
• fully dilTcrentiatcd in the Cambrian era. These are 
I follow Claus and Sedgwick): animals attached, as distin- 
ihcd from moving or perambtilatoiy organisms; the de- 
lopmcnt of bilateral symmetry; the absence of metameric 
I divi^ioD — they are unscgmented ; the differentiation of cili- 
I atcd oral appendages; enclosure in a calcareous shell, with 
ncntiation of organs into the various physiological 
■stems of the Mctazoa, viz., digestive, motor, neural, vx- 
■cntor}', and those of reproduction. 

D. Class Brackiopoda (and not Polyzoa). — This distinc- 

I includes the characters of two spirally rolled buccal 

; the development of bivalve, equilateral, dorsal, and 

TOitnil shells; the development of several ganglia connected 

by 3 pharyngeal ring. There must be included here also all 

c characters which are necessary to carrying on the func- 

Bof the different parts, mentioned under groups C and D. 

\ E. Lyopomata and Arthropomala. — All that distinguishes 

two orders was fully evolved, certainly, before the 

"imbrian era was far advanced, for we find several dis- 

rjct families of the one and five of the other already in the 

imbrian rocks. These differences arc seen by comparing 

;"rcitDCQs of Terfbraluliita with a Lingnla — both recent 

"era. The differentiation includes, in respect of intestine, 

mil open intestine, with anal as well as oral orifice, 

', with post cn>- ventral end closed; in the shells the 

. Ti between free-sliding valves and hinged, articulated 

Ta lvr--. ;ind the aiisociated modification of muscular apparatus 

I move them laterally upon each other in the first case, and 

■open and shut them with a hinge in the other. 

Iftrpetnation mod Bepetitloa of Characters a Commftn Law of 

B. — ^The more sharply dislinf^uish;ible oh;ir.tcleis are 

d above, but tliey include more than the ordinary 

idd notice if handed a specimen and asked to 

'^hc saw— more, I say, but not all the cluracteti 
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that he would notice ; for the ordinary observer will notice 
some of the specific characters more readily than he will the 
more essential characters of a strange object. 

Before leaving the first era of our time-scale we have 
still more characters of family rank, others of subfamily rank, 
and enough elaboration of them to call for classification into 
fifty-five genera of Lyopomata and five genera of Arthropo- 
mata, and all these are found in the species now known from 
Cambrian rocks. 

On the theory that the organisms now living are de- 
scended from ancestors in the past, the characters once hav- 
ing appeared in the ancestral line are most simply accounted 
for by supposing that they have been transmitted without 
chanj^e by the laws of ordinary generation. However the 
characters may have been originally produced, or came 
about in the first place, having once appeared in the Cam- 
brian their continued reappearance in later stages of geologi- 
cal history calls for no other processes than those we see 
taking place on every hand, i.e., the successive reproduction 
of offspring by regular generation: no action of evolution is 
required. The preservation by continued generation of these 
ancient ancestral characters is no less remarkable than the 
slight modifications which have taken place in the course of 
gcolo[:^ical ages. 

Evolution Accounts for Divergence, not for Perpetuation or 
Transmission. — This familiar law of heredity will account for 
the continuance, as long as they appeared, of the families and 
genera <^f the Cambrian ; the appearance of new families 
new genera, and new species requires on this theory the 
assuni])tion of some other process. When we examine the 
length of recurrence of these Cambrian forms, of them we 
find only three genera of the Lyopomata and one genus of 
the Arthropomata are known from rocks above the Cambrian, 
and they are from the next succeeding system. Of the 
family characters of the Cambrian Hrachiopoda, six Lyopo- 
mata, two Arthropomata families lived after the Cambrian: 
two of these lived on to the Carboniferous, two of them 
reached the Silurian, and only three reached the Ordovician. 
There were, however, four families and two genera that ap- 
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[xarcd ill the second era, the Ordovician, which lived on to 
I6e present lime, and it is not improbable that these types 
of differentiation may have taken place as early as the Cam- 
brian. 

Bnchiopoda Aooieat Types uid Early Differentiated. — From 
: facts we leam that the Brachiopods are very ancient 
mals: thai at the first geological period they were very* 
atly differentiated in structure, and that, except in a very 
r ca^cs, the forms that Jived in later ages, though suppos- 
>■ descended from the earliest types, suffered changes in 
■dr specific, generic, and in many cases family characters. 
It is also evident that if we wish to study the history of 
ichiopods we must read the evolution in terms of their 
ccific. generic, and only in slight degree in any characters 
I as high rank as family, and not at all in characters of 
jgber than family rank. 
A glance at the range of the families and genera of the 
!-yopomata shows them not only to have been ancient, but to 
iuve reached their climax of evolution by the second geologi- 
c.il period of time^ — the Ordovician, After the Ordovician no 
riL-w families of Lyopom.ita are initiated, and the new genera 
■Jl from twenty-two new ones in the Ordovician to three in 
die Silurian, six in the Devonian, and after that seven new 
genera up lo the living forms. This slight continuance of ex- 
pansion may be driven much farther back by later discov- 
■rrics. 

b«« of Erolatlon Gathered ^om Study of the Early Families. 

^With such an early expansion of tlie suborder it is evi- 

:-nt that the range of instructive history is limited to ihc 

.rliest periods of geological time, and the few forms 

hat alill exist among the recent faunas are very slightly 

'lodificd from the ancient types. In the case of the other 

.border. Arthropomata, the evolution was continued to a 

.jicr period. Family and subfamily differentiation was 

aicst in the first two geological eras, nine new families 

nog in the Ordovician; but two or three new genera 

1 of tlic following eras, except in the Cretaceous and 

, when the present information records only a single 

rmbfanily in each. 
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Genera making their Initial Appearance in each Era The 

generic expansion kept up with greater force, as the number 
of genera making their initial appearance testifies. For the 
ten successive eras the initiations of new genera recorded 
up to the present time are as follows, viz. : 5,25, 37, 34. 34, 
24, 33, II, 2, 4 for Quaternary and 11 for Recent. The 
greater number of recent genera not known in fossil slate 
may be discounted by the vastly greater knowledge we have 
of recent organisms than of the Taunaa of any. even the roost 
recent, extinct fossil faunas. The evolution kept up its differ- 
entiation of genera well into the Mcsozoic time, when il 
began to lessen rapidly, and from the Jurassic to the Creta- 
ceous dropped from 33 to ) I in the number of new genera 
appearing during the periods, and only two new ones ap- 
peared ill the Tertiary. 

CompariBon of the Bate of Evolution of Generic, Tamils, asd 
Ordinal Character*. — We may select this division of Brachio- 
pods (or more minute study of the historical laws expressed 
in the evolution of its successive forms. A study of the 
curve of results of this series of steps of evolution shows us 
at a glance that there are, at least, two nodes in the evolu- 
tion, one culminating in the Silurian and one culminating in 
the Jurassic, Analysis of the structure of the forms reveal* 
the fact that the evolution has taken place along several sub- 
ordinate lines, which are expressed in taxonomy by division 
of the Arthropomata into two primary divisions, called by 
Beechcr orders {Protremata and Telotremata), and these 
again into two groups of families, the TruUacea and Thecat 
in the first order, and into the three groups Rostraeca, Heli- 
copeg'itata and Aticylobrac/tia of the second order, Telctr<mata. 

Erolntion Curvee for the Several Families. — Each of these 
subdivisions was differentiated as early as the OrdovicJan. 01 
second era, and their climaccs are at somewhat difTeretil 
points in the time-scale. 

The first group of families Is the Trultaeea ; there were 
no new families of this type initiated after the Ordovician. 
and no new genera .-ifter the Devonian, and the whole gnui 
became extinct with the Palconoic. J^H 

The second group is the Thecacea. Our curve of'^^H 
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difTercntiation shows such irregularity that we are led to sus- 
pect within it three well-defined and separate courses of evo- 
lution, one of which culminated in the Silurian, one in the 
Carboniferous, and the third in the Jurassic. The presump- 
tion is that this group is not well arranged; the classification 
will need revision. 

The third group is the Rostracea, and this is characterized 
by having a very long geological range; the chief family is 
the Rhynchonellids, which appears to extend from the Cam- 
brian to the present, with its characteristic family-characters 
the same. 

The fourth group is that of the Heiicopegftiata of Waagen. 
This includes the spire-bearing Brachiopods; the history of 
this group is well defined in families and in genera. The 
culminating point for both is in the Devonian, when the total 
number of forms is considered; but the greatest evolution of 
families is in the Silurian, new genera continuing to appear 
up to the end in the Jurassic. 

The fifth group includes the Ancylobrachia, Although 
the first family of the group appeared in the Ordovician, the 
evolution of this type was very slow, but continuous to the 
verj'i^nd in recent times. From its first appearance each suc- 
ceeding era has seen the addition of a new family. The curve for 
generic differentiation is also emphatic, but it shows the evo- 
lution of this type of Brachiopods to have been late in geolog- 
ical time. Instead of being in the Paleozoic, the culmination 
of generic differentiation was in the Jurassic, when twenty- 
three new genera made their first appearance. The first four 
family groups of the Arlhropomata had their culmination in 
the Paleozoic, and the fifth had its culmination near the 
middle of the Mesozoic. 

Concluiioni from Study of Oeneric ETolntion Curvet of the 
Brachiopods. — TIhj examination of these differentiation or 
(.■vr)lutinn curves of the generic and family life- histories of the 
Arlhropomata can leave no doubt in our minds on a few im- 
portant points: 

I. The geological record, although imperfect, and not at 
all exhaustive in its declarations, reveals the fact that some 
types of organisms lived in one geological era. others in 
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another era, and leaves us in no doubt as to the general order 
of succession of the various genera. 

2. Although it is not improbable that in almost every 
case the genera and the families will be found to have been 
initiated somewhat earlier than they are now reported, and 
new families and new genera will undoubtedly be discovered, 
nevertheless, the outlines of the differentiation curves are so 
emphatic in most cases that we have no reason to doubt 
that we already have the fundamental outlines of the history 
of each particular group of organisms clearly before us. 

3. We have here unmistakable evidence that every genus 
and family had a definite time of initiation, and that this time 
of initiation for each has definite relationship to the time of 
initiation of other genera and families. 

4. Another conclusion may be drawn from an inspection 
of the curves: the family differentiation for each grouping of 
higher rank, suborder or order, had its evident initiation, 
culmination, and decrease; also the generic differentiation for 
each family had its point of initiation, its period of rapid 
activity and culmination, and its period of decline; and in 
many cases the actual cessation not only of expansion, but 
of all appearance of the genus, is expressed. 



CHAPTER XV. 



•what is evolved in evolution ?-intrinsic and I 

EXTRINSIC CHARACTERS. 



Lun of ETolntion indicated by Hiitoiy of firachiopods. — We! 

c now gained a sufficient knowledge of the characters of 

iopods to enable us to consider the question, What is 

»tcd regardiiijj the laws of organic history by these facts? 

lit is evident, first, that the history exhibits evolution. 

tdution of what ? We have been considering the time re- 

i of ihc genera in families of Brachiopods: is it evolu- 

p of genera ? Tables have been given of the phylogcnetic 

itions of the families of hinged Brachiopods: have we 

n considering the evolution of families ? 

Before taking up these points a few words may be said 

I tbe question, "What is evolved?"" In general, we may 

''1^, the history of organisms reveals a progressive evolution 

tS the marplwlogieal characters which distinguish the succes- 

flve organisms. Classes, orders, faniilies, and genera are not 

H-.- things which are evolved. These are names for the 

.rtions of the classification we make of the evolved or- 

1 ■:<Tn^. The classification, when historically considered, 

- ihc evolution ; but the things classified are the indi- 

^.tnisms, each of which has its characters distributed 

.lil the whole range of categories of the classification. 

Therefore it is incorrect to speak of the evolution of one or 

rof the categories — as a species or a genus: it is this or 

t character of the individual that was acquired by evolu- 

s cimliastod with other characters acquired by naiuial 

X from its piirunls. 

MeuB ExMuined as aa Illaftnttion In illus- 

^/Kisition we may take, (ot \(\sta.wtc,a Ma^tt- 
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lania flavescens^ obtained from the seas about Australia; we 
examine its shell; we find that it is a bivalve, equilateral 
shell, the two valves articulating, and the one larger than the 
other, and exhibiting a perforation through the beak for the 
protrusion of a stem-like peduncle for its attachment. All 
these characters are peculiar to the class Brachiopoda. They 
distinguish this individual organism from the organisms of 
every other class in the Animal Kingdom (Figs. 59, 60, 61, 62). 

Evolution of the Class Characters Whence docs the Ma- 

gellania derive these characters ? We at once say by descent 
from the parent Magellania from which it sprang. How did 
it attain the characters? By ontogenetic growth from an egg 
which expressed none of them. The law of heredity ex- 
plains the appearance of the particular characters in this in- 
dividual organism, and the law of ontogenetic growth ex- 
plains the formation in the individual of these characters. 
But how did they come to be at all ? or, to put the idea in 
another form, Why is it not a clam-shell ? Heredity explains 
why it is like its ancestral predecessors; but what explains 
the fact that it is unlike organisms of all other classes ? In 
answering this cjucstion we are led backwards, and find in 
the Tertiary Period forms presenting the same characters; 
and because there is thus traced a succession of forms with 
the same characters, we assume that descent will account for 
the succession. Still further back, in the Cretaceous, in the 
Triassic, in the Devonian, in the Silurian, and even in the 
lowest beds of the fossil-bearing series, the Lower Cambrian, 
we fiiul fossils possessing the essential class characters of our 
livini; Magellania. There at the first stage of appearance of 
Brachiopods the difference is obvious between the Orthisina 
and the species of any other class than Brachiopods. We 
can ^o no further ft)r facts. We have to confess that we 
have no knowledge of the origin of the class characters of 
I^rachiopods; we only know that they were evolved as far 
back as Cambrian time, and that they have ever iiince been 
transmitted bv ordinarv generation. 

Evolution of the Ordinal Characters. — In the same way we 
notice on the hinge margin the production of two processes 
each side of a triangular fissure which we call teeth and del- 
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tiiyrium. These we call ordinal characters; the 1 
is of the order Clistenterata, or hinged Brachiopods. 

But these characters have a continuous succession back 

to the Lower Cambrian. Again, we notice on the smaller 

I -nn-c two plates, called teeth sockets, producing with the 

jpter part of the hinge margin a groove or socket into 

piich the teeth fit, and at the base of them a pair of calci- 

i processes, called crura; but these too are traceable back 

bthc Lower Cambrian iKig. 621. 

Ctlcifled Loops which are Sabordinal Charaotera were Evolved 

1 the Cambrian and Silurian Eras. — The Mageliania dif- 

t from some hinged Brachiopods in having, in addition to 

t crura, calcified bands of a peculiar form looped back 

I themselves, which are technically called loops. These 

le characters of a part of the hinged Brachiopods. and they 

f oiled subordinal characters, separating the suborder An- 

lobrachia from all other suborders of Brachiopods. But 

thtsc loops cannot be traced backward further than the base 

f the Silurian; they are not known in the Ordovician or Cam- 

inan. Regarding the characters of the specimen of as high 

■ class and ordinal rank, we have no evidence regarding their 

rigin save the law of hereditary transmission by ordinary' 

^neralion; but Magcllania has loops which it could not have 

_ ^iten by the law of her^-dity, i.e; considered as a law of the 

■jnMnission of like characters from ancestry to progeny. If 

- L Assume that the law of hcredilarj,- descent will satisfac- 

: lily explain the reappearance on successive organisms of a 

i.iractcr which has once been formed, then wc have the cx- 

" ■ 'i of the class and ordinal characters of such a spcci- 

,;r back as to the Lower Cambrian, but its subordi- 

., ters can by this means be accounted for only back 

ilurian. In other words, we arc led by this train 

i.ing to the conclusion that this Magcllania had 

- which did not possess its subordinal characters, 

ich jrc the cilcilied loop of -,\ particular 

M of Evolution a Case of the Appearance i: 

Character sot posiessed by its Ancestors. — ] 

irn from cmbryolugy, ur the ontogenetic growth d 
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this individual Magellania, that in the course of its individual 
life it has developed from an embryo condition in which its 
mature characters were not exhibited. By analogy we infer 
that these other characters of the loop were evolved from an- j 
cestors in which they did not appear; but before asking how. 
wc observe that since the Silurian time the loop has ap- 
peared on successive forms up to the present time, exhibiting^ 
no greater differences than the ordinal or class characters in 
the same line have exhibited. The first specimen which 
exhibited a loop was distinct from previous forms by that 
character, and this, with other characters, caused it to be 
classed in a distinct suborder from all other forms. We use 
the term evolution to express the idea of appearance of such 
a character at first. All the various families of which we 
speak, and all the various genera, whose history we mark by 
range of life-period in the geological scale, had thus a place in 
the scale when their first known representatives appeared; 
and whatever the characters may have been (in the present 
case it is calcified brachial loops), ^\^xy case is a case of first 
known appearance of such character, that is, it did not ap- 
pear before, and the evolution consists in its coming into 
a])pcarance on some organism whose supposed ancestors did 
not exhibit the character. 

Evolution of Fundamental Characters Relatively Rapid The 

facts, to he sure, may be considered as \cxy imperfect, but 
if wc K-ngthen our lines backward \nc but lengthen the period 
in which the character has been rcj)catctl by ordinary genera- 
tion without mollification sufficient to upset our classification. 
Or if we extend the evolution over a hundred or a thc^usand 
generations it merelv reduces the amount of the increment for 
each stai^e of the evolution. Thus we see that so far as 
the eviilence testifies, the evolution of th(^se characters which 
mark the differences between separate classes, orders, sub- 
ovvlrrs, and even some families of organisms, has taken place in 
a leiatively short period of time; taking as measure either the 
rate of general progress in the differentiation of organisms, or 
the length of the life-period of each particular genus or fam- 
ilv. This is in harmonv with a law of evolution formulated 
by Hyatt as given in a subsequent chapter (Chap, xviii.). 



H//.1 r /S EVOLVED IN EVOLUTION 

This Bapid Evolution difficult to Account for by any Woiking 

f Vatoni Selection — Thus far it is the evDlution of morpho- 

giciil characters with which we have been dealing. Genera, 

■ sjiccies, are often spoken of as being evolved. When 

langaa^^ is used in this way we mean that there is an or- 

■ly succession of genera. This orderly succession of forms 

: can readily conceive; but a genus is a group of spe- 

1 which possesses certain common characters of higher 

specific rank. It is one thing to speak of the succes- 

1 of the different forms and another thing to speak of 
: attainment by offspring of characters not possessed by 

Wc arc accustomed to the explanation by Dar- 

n that the method of this attainment of new characters is 

': gradual accumulation of varietal characters which are 

^considered as arising spontaneously. Taking the case before 

, we can imagine the form of the loop of the Magcllania as 

tavtng been acquired before its calcificalion; but the differ- 

e between the presence of a calcified loop and its absence 

I brought about within a brief period (geologically con- 

idercd), while the modification of the loop, as indicated in 

e several genera of the Terebratulida;, can be conceived of 

1 having been produced gradually in the geological sense. 

, when we consider evolution as applying to the produc- 

s ol dtflercnces, great difficulty is found in accounting for 

E structural differences, which are the basis of our cla&sifica- 

i groups of family and higher rank, by the slow pro- 

t required for the working of natural selection upon nor- 

I variations. 

Whst It ETolved!— Hence, in reply to the question " What 
I evolved?" it is evident that morphological characters arc 
^critl'ved — not species, genera, or any kind of groups of organ- 
There is anevolution of the characters of the individual, 
K because this evolution takes place in many individuals at 
c time, wc recognize the evolution by the appearance 
dification in the many individuals, and group tliem 
raeia or families, on account of their dlfTerences 
r fonns. 
r Does tlie Evolutloa Prooeedl — How does the evolution 
Not by the ab initio construction of a new orgam- 
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ism, or a pair of them in each specific case, from which all 
the other representatives of the genus spring by natural gen- 
eration without change — ^which is the old creational theon- of 
origin of species; but by the individual assuming a different 
course or extent of ontogenetic growth from the course or extent 
of growth of its ancestors^ including acceleration in the groxcth 
of a part ^ or of an organ, with increase or specialisation of its 
function, 

Intrinsio and Extrinsio Development, and Intrinaio and ExtriB- 
sic Characters. — This brings us to the consideration of the 
twofold nature of the morphological and physiological char- 
acters possessed by organisms. There are two fundamen- 
tally difTercnt ways in which we recognize the characters as 
differing one from the other when looked at from the evolu- 
tional point of view. When we mark the course of develop- 
ment from the egg to the adult chick we observe that there is 
a gradual building up, first of tissues, then of definite organs 
made of those tissues, from simple uniform cells; or, going 
further back, from the original nucleated, unsegmented cell 
itself. This is a process of differentiation of parts, as has 
been already defined, and with specialization of functions. 
But it is a process of the increase of parts and f mictions by 
division of labor ^ and is an expression of one of the funda- 
mental laws of the organism as a whole. This kind of growth 
wc may call intrinsic development : intrinsic, because it has 
to do with t/ic expansion or development of the organism as a 
ivJioh\ and involves the internal adjustment of the organism 
itself^ and not simply the modification of one of its parts. 
There is another kind of elaboration of organs and functions 
which consists in the multiplication of like parts performing like 
fit nit ions, and results in difference in the size ^ the proportion^ 
in- tJw nujnber of the morphological parts. This kind of growth 
\vt' may call extrinsic development^ because it appears to be 
cKrfinitelv correlated with the nature and amount of the ex- 
ternal supply of materials for growth, and with the outward 
demands upon the activity of the functions concerned. 

The distinction thus established in the mode of origin of 
the characters furnishes the basis for the classification of the 
characters into intrinsic and extrinsic cliaracters. 



■ WHAT IS EyoLVED l.\ EVOLUTIOX} 

Example of an latrinuc Character. — To take an iMustratioi 
tht clunicter uliicli distinyuislies ihe Spiriferids from the 
Tcrcbraliilidic aiid tlic Kiiynchoiiellid^, called the brachid- 
mth. is fundamentally an intrinsic character, because in the 
-\ation and rigidity of parts there is implied an adjustment of 
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:'':c other parts of the organism to these conditions; and in ihc 
: prehension, the distribution, the deposition, and the sup- 
.y of materials for constructing the apparatus, there is implied 
n adjustment of the whole organism to the work of con- 
■tructing this new part. Even though the soft parts were 
nlialh* the same in the Orthis and the Splrifer, the mod!- 
1 in the Spirifer is a radical one, involving the whole or- 
, and not merely the particular part concerned. 

mple ftf an Extriniic Charaeter On the other hand, the 

distinguishing the spirL-s of the Atrypida; from 

{ the Spiriferida; \s the permanent turning of the point 

c cone toward the centre of the valve in the Ain-pa, and 

the upper outer angle of the shells in the Spirifer. 

t a matter of adjustment which may Involve a slight 

[ement of the relations of parts, but may involve no 

: difference in the shape i>f the shell itself may 

ustment, .as a tight shoe might distort t 

Al (Figs. 63. 64). 
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Characters Early and Bapidly EYolyed were Chiefly Intriniie 
Characters. — It will be observed that almost all of the charac- \ 
ters, which have thus far been considered in tracing the dif- 
ferences distinguishing different classes, orders, families, and 
to some extent genera, are intrinsic and not extrinsic char- 
acters. 

Application of the Terms Intrinsic and Extrinsic to the Elabo- 
ration of Machinery. — To illustrate the fundamental nature of 
this distinction we may call attention to a purely mechanical 
contrivance, the steam-engine, and the machinery run by it. 
The force here concerned is heat, which is transformed from 
burning wood into expansion of water into steam. The 
simple process is the transfer of elevation of te^nperature into 
oilargcincnt of the space occupied by the steam. This expan- 
sion is in every direction. The engine is a device for concen- 
trating the direction of expansion in one line, i.e., that of the 
axis of the piston-rod. So long as no greater elaboration of 
the mechanism is made in the engine, it is necessary to take 
the effect of the stroke upward only ; the production of a hinge 
in the rod, and an attachment of the rod to a lever, make 
the \valkinj;^-bcani en<^ine, which could, at the other end, 
work a pump; but the differentiation, which turned the link 
int(j a crank, causing continuous revolution of the wheel, was 
an intrinsic chiboration of machinery, involving a coadaptation 
of all ilie parts of the machine. Improvement in the way 
of elonj^ation of the lever, or change of the relative size of the 
parts, in the modification of the wheel, in the shape and rela- 
tive size of its parts, was purely extrinsic. Again, for the 
transfer of motion a belt and fiat wheel was modified into a 
wheel with cogs, or the reverse — I do not know which; this is 
exj)ressi\'e of intrinsic elaboration of the device, while the 
increase of cogs in number, or size, or shape, or change of 
relative motion by different number of cogs on the two 
approximating wheels, is of the nature of extrinsic modifica- 
tion. 

Summary and Conclusion. — From this illustration it becomes 
evident why it is rational to expect a different rate in the 
process of organic evolution from within, or intrinsic evolution, 
from the rate of the evolution from without, or extrinsic evolu- 
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'. m. Both arc at work at the same time, and every organisfi) 
s its specific, its generic, and family characters, and those 
: higher order. Varietal characters in the process of ex- 
-nsic evolution may become invariable, and be ranked as 
[M.-afic accordingly; but when a character becomes fixed it is 
■ longer %'ariable, and because one species differs from an- 
I'iicr, and one genus from another, it does not follow that a 
'>cific character has by degrees become of f-imily or ordinal 
• nk. On the contrar>-. the cessation of plasticity which 
ults when the varietal character becomes transmitted with- 
it-change, and thus characterizes the species, makes it togi- 
-illy impossible to account for the difference in rank of the 
:haractcrs of an oi^nism by any evolutional process. Rank 
'-\ characters of the organism, as expressed in their place in the 
ddisification, is inherent in their use; and the same laws which 
ire engaged in the origin of specific characters must also 
account for the ori^n of ordinal characters. The specific 
'faracter docs not become of ordinal rank, but whenever an 
Miins! character arose it must have first appeared as a variety. 
:;i;tein consists the great importance of the facts of variation. 
The accumulation of varietal modifications of parts or 
■idr intcn&ificittion, their growing larger or smaller, stronger 
: weaker, is a matter fundamentally of addition or subtrac- 
■ n in the component units of lower order. Given a tissue 
ide up of cells and performing a given function, and the 
.:]-jdtfication of its form is but an expression of increased 
jnowth at one place or diminished growth somewhere else. It 
Keasyto imagine conditions of environment, use. and dis- 
^k^ adaptation to existing conditions or the opposite, as 
Hpnltiag in the modification of the form of the organ. 
B| It is not difficult to imagine the same kind of ))henomena 
^bdnug a selective discrimination among the variable degrees 
Hmch adaptation, and resulting in the preservation of cer- 
Hh. variations and the elimination of others in the struggle 
Bf existence. The theorv- of origin.ation of species by natu- 
H|9clectinn applies to cases of extrinsic evolution; but it is 
Hpcuit to imagine how natural selection can operate in the 
^HlKtlDn of the diffL'rences in structure which must ba 
^^^^Bsmntiated before their relative f\U\cs&ot vxpSvXiwafc-j 
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to the conditions of environment can be tested. It is reason- 
able to expect, therefore, that all modifications of organic 
structure, which imply strictly intrinsic differentiation of the 
co-ordinated structure and function of the organism, were 
evolved by processes vastly more rapid than those of the ex- 
trinsic modification of structures already present in the race. 

We have seen how Brachiopods furnish us with the data 
with which to trace the laws of the historical evolution of the 
more important characters exhibited by any particular Brach- 
iopod. These characters have fallen into natural divisions, 
or groups of various rank, which are scientifically recognized 
as class, ordinal, subordinal, etc., characters. We have seen 
how the characters which we call subordinal, when they are 
arranged in the order of their morphological affinities, present 
a series of forms whose elaboration is as complete by the 
beginning of the Upper Silurian as it was at any later time; 
therefore we drew the conclusion that so far as the subordinal 
characters and those of higher rank are concerned, the differ- 
entiation expressed by these characters took place in the 
lower half of the Paleozoic time. As far as the facts are in 
evidence, we find that the characters of this kind were rapidly 
introduced: rapidly in relation to the degree of differentia- 
tion indicated by the characters, and rapidly in comparison 
with the length of time they persist without apparent modi- 
fication. As two ontogenetic forces are at work in the 
growth of the individual, to which respectively we apply the 
terms heredity and variability y so we recognize upon analysis 
of the facts of the phylogeny two kinds of evolution: (I) a 
progressive evolution which operates from within and is asso- 
ciated with pre-existing conditions; this is called intrinsic evo- 
lution ; (in another kind of evolution, observed to be more 
intimately co-ordinate with external conditions, which may be 
regarded as fundamentally a process of adjustment or adapta- 
tion of the organism to its external environment; and this is 
extrinsic evolution. 

In the ontogenetic development of the individual there is 
a rapid elaboration of those typical features of the organism 
which express its class, ordinal, and subordinal characters, the 
whole framework and plan of structure being elaborated 
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: the individual comes into contact with external envi- 
;nt, while it is out of reach, so to speak, of the contests 
are called struggle for existence. It is conceived that 
were in like manner in evolution intrinsic modifications 
ernal structure, requiring for their functional operation 
ments of the whole mechanism of the body, and that 
operations were relatively rapid, because they were the 
ssion of evolutional force working from within, and in 
termination of which the local and immediate conditions 
ironment had little or no part. As, for instance, in the 
the special modification of ordinary tissues to produce 
)wer, and its complication of floral parts, relatively to 
e-history of the plant is rapid, and the opening of the 
■ may in some sense be said to be occasioned by heat, 
ine, or, in general, by external conditions; but in a 
more important sense it is true that the production of 
ower is intrinsic, and is determined by ancestral, pre- 
ng conditions, and not by those present only at the time 
A'ering. 



CHAPTER XVI. 

THE MODIFICATION OF GENERIC CHARACTERS, OR 

GENERIC LIFE-HISTORY. 

In the last chapter the conclusion was reached that evo- 
lution, which is the acquirement by oi^nisms in the course 
of individual growth of characters not previously appearing 
in their ancestors, maybe distinguished as of two kinds: one 
intrinsic, and expressing steps of progress in the differentia- 
tion of function and organization of the organism as a whole, 
working from within outward ; the second extrinsic in nature, 
and expressed in the modification or adjustment of characters 
already differentiated to local and immediate conditions of 
environment. 

\Vc observed that as the particular characters examined 
are of higher and higher rank in classification they are more 
intensely intrinsic in nature, not only now, but were so in the 
earliest organisms of which we have any knowledge. And 
still further, that these more essential characters were earlier 
evolved, and the evidence seems to prove beyond doubt that 
their evolution was by steps more rapid than would be in- 
ferred from the relatively slow progress in the succession of 
the lesser characters, generic and specific. 

Having noted the general laws of evolution respecting the 
m(^re important characters of each individual, we next turn 
to an examination of the laws of evolution of the less im- 
j)(>rtanl generic characters. 

In the generic characters there appears to have been a 
rapid attainment of the total limit of modification expressed 
anywhere in the family, with a long persistence of the more 
widely divergent characters. When we examine the specific 
and varietal characters we observe a much slower rate of 
modification in individual race-series, but even here a rc- 
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niarfcablc degree of expansion of the main features of the 
Variable characters appears very early in the history of each 
gtnus. 

As an illustration of the rapid appearance of the full 
quota of extrinsic modifications of a new intrinsic element of 
siiuciure we may examine the historj.' of the spiral brnchial 
Jppcndages in the suborder Hclicopcgmata. 

StAtUtlot of the Life-history of the Spire-bearing BntchiopodB 
Helicopegmata). — The earliest trace of the spire-bearing 
.' -^cliiiiptKls is in the Ordovician, in a single simple form, the 
::-n^s Zygospira. 

At ibc next faunal stage, the base of the Upper Silurian 
y^tem, there were representatives of each of the famiUes into 
hich the known Helicopegmata are divided (Atrypida;. 
Spirifcridae, and Athyrid<e): and of the twelve subfamilies 
:ita which the seventy-three recognized genera are distributed, 
•line arc also known from as early a stage as the Upper Silu- 
.ui (vie.. Zygospirina;, Dayina;. Atrj-pinas. Suessiinx, Tri- 
. 'nolretin%, Rhynchospirina:, Hindellinx, Athyrin;e, and 
Meristcllina:). Of the others. Uncitinse, first appearing in 
;hc Devonian, has the same kind of brachidium as the sub- 
Mmily Sucssiina;: and the loop of Diplospirina;, appearing 
■ r^t in Kayseria of the Devonian and having several genera 
n the Triaswc, is rather to be considered as an extreme differ- 
ntiation of the Athyroid type; and so far as the brachidium 
.- concerned, Koninckinina of the Mesozoic is also an extreme 
■Jiffcrcnliation of the same Paleozoic type.* 

The Bspid Appearance of the Different Hodifloationa of the 

srachidltun. — For the present discussion it matters not whether 

.1.: cilcification of the spirally-terminated brachidium of the 

Mu . .pfgmata is a modification of that seen in the loop of 

. ylobrnchia, or whether it arose from a form in which 

- no calcified support; for both of the suborders, so 

KJence is at hand to show, first appeared in the Or- 

iiitrinsic character distinguishing these suborders from 
; :rcvit)U8ly existing Brachiopods is found in the presence 

iwed Sehuchen'i "A RcTiicd CliurilltBlk<<i ol 
r. («W , (fOl. XIH, p. »M, rtt.. t«h. \^i^ 
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in the former of the calcified supports, the brachidium, and it 
is the sudden or rapid appearance of modifications of struc- 
ture of this brachidium which is under discussion. 

TABLE SHOWING THE TAXONOMIC RELATIONS OF THE HELICOPEGMATA, 
Branch: Molluscoidea 

Class: ■SP°'y^°» 

( Brachiopoda 

Subclass: j^y^P^""*'* 

( Arthropomata 

Order < P>-ot«-e«nata 



■I 



Telotremata 

Rostracea 



Suborder: < 



HELICOPEGMATA 

I Atrypid.* 
Fam.:-\ Spiriferid.c. 

( ATHYRIDiE 

^ Ancylobrachia 

The above table is given to show the method of selection 
of this particular group of HcHcopegmata for study. All the 
differentiation represented by the characters distinguishing 
the particular class, subclass, order, and suborder must be sup- 
j)osed to have already arisen before family characters of this 
])articular suborder could take place. 

I have a(i()pie(l Dr. Beecher's ordinal classification, and take the order 
rclotrcinata, which appears to be the most fully diflferentiated of the orders 
of lUarhiopods. The distinctive characters are found in the degree of 
(liffomitiation of the dellhyrium, or pedicle opening, and its covering, and 
of the brachidium or arm support. (** Pedicle opening shared by both 
valves in ncpioiiic stages, usually coufiued to one valve in later stsiges, and 
becoming more or less limited hy t7vo deltidial plates in ephibolic stages. 
Anns supj>orted by calcareous crura, spirals, or loops.") The distinctive or- 
dinal characters I have italicized in this definition.* 

It is within this order that we find the forms with special calcified parts 
called drltidial plates, crura, and brachidium, either loops or spirals. The 
subnrdinal distinctions are based upon the degrees and mode of elabora- 
tion of the brachial supports. 

Kostracca is a new ordinal name proposed by Shuchert for the family 
RhynchonclIidcT of Gray, somewhat emended. It includes the genera with 
ro>tr,}tc shells, no spondylium, and the presence of crura. 

The I{clicopc:^mata is the group proposed by VVaagen to include the 
^rcnera with two, calcareous, simple or double, spirally enrolled brachial 
supports, which may or may not be attached to each other by a variously 
constructed band or "loop." 

The third suborder is Gray's Aneylobraehta, slightly emended by 



* Heecher, " Development of the Brachiopoda,*' Pt. i. Am. Jour. Set., vol. 
XLl. p. 355, 1891. 



THE .•LfOniFICATIO!<r OF GENERIC CHARACTERS. 279^ 

' frrrt. characteriicd by ibc possession of a, calcareous loop tor tbo 



Three Families of tlie Helicopegmata. — In the classification 
ho Heiicopegmata into famiiics Mr. Schuchert's simple 
•location into the Atrypida.-. Spiri- 
.X, and AtliyridvE, based upon the 
ijtial structure of the bracliidium. 
: i'lpled. His definitions are: 
[. In .4//-//iV/<r the primary lam- 
are directly continuous with the 
.1, divci^c widely, and have the 
i:jIs between them (Fig. 63). 
2. In the Spiriferida X\\^ primary 
bmells are also directly continuous 
with the crura, but lie between the 
qtirals, thus holding a position the 
Alryfiida (Fig. 64). 
~ , In the Alhyrida the primarj.- lamellae differ in dlreo^ 




of that in the I 




Fio. w 

■tdidi-o 



>• SpirifBiila. Vncltnerfflimi I>e(r, : inicnntof brKti)*) vilftu 



rom those in the other families in being more or Ic! 
|r recurved dorsally near their junction with the crui^a 

liM 

I. "A Cla-Aifiolion ul the tlnehlopoda,' Am. Cni^ voL Xbl 

i Revlaeil CUisificaHon of tlie SplKboKlnii fUai^hlupuila,^ 
t p. 103. JS94. 
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Oeolt^^Bl S«^ of the FamiliM. — The following table of 
the geological range of the families, subfamtUes, and genen 
will help to give a notion of the time-relations of the foms 

under discussion. 



TABLE REPRESENTING THE GEOLOGICAL RANGE OF THE FAMILIES ( 
SUBFAMILIES OF THE HELICOPSGMATA, WITH THE NUUbER OF C 
ERA AT PRESENT RECORDED FOR BACH ERA. 



ATliVi'll.*.. 

Alr>-pin«,. 

SpiWFuBin* 

SuM.; Su«siin«.. 

TiiKonotre 

Subf.; Hhj'nchuHiii 









1 



Description of the Structure of the Brachidium. — The ele- 
ments of the brachidium in the llclicopcgmata are seen with 
ci'Msidcrablu elaboration in tlie tjeiuis AtJiyris. 

In tile interior of the brachial valve are seen in the apical 
region, proceeding forward from the hinge-plate, two stiff pro- 
cesses called tiie crura \V\<^. "9I: attached to the crura, and 
in Atliyris making a short twist toward the base of the crura. 
proceed two ribbon-like bands toward the wall of the shell. 
and thence along parallel to its inner surface toward the 
front : these are thus far called t\\<: primary lamclhc. At the 
front, and continnously with these lamelhL-, the spiral coil 
begins by curving toward the opposite valve, thence upward 
panille! with its inner surface to near the crura, thence turn- 
m^ a^'ain toward the wall of the brachial valve, and in the 
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e of Athyris proceeding onwards parallel but outside the 
imary' lamella, the second ribbon of the spiral running a 
nillcl course, but with each spiral diminishing the size of 
' tlic cnil, and finally stopping at the apex of the spiral cone, 
ooo of which is on each side of the median plane of the valve. 
"The various volutions of the coils on each side are thus called 
primarj'. secondary, etc., lamella of the spiral coil of the 
brjchidium. 

Between and uniting the primary lamellae of the two coils 
i developed a band, variously complicated in different genera, 
billed the loop, saddle or jugum. 

In Athyris the jugum has at the centre a process extend- 
1;;^ upward towards the space between the crura, which is 
_med the stem of the jugum: this stem forks in the present 
case, and the two branches (Fig. 79, b') are called arms of the 
jugum (Fig. Ti- j)', they proceed on the outer side of the 
primary laraellx almost in contact with them, forming acccs- 
trrjr iasn^Utg {Fig. 79, ff). In the genus Kayscria the accessory 
lamf//ir arc continued along the face of the lamelL-E of the 
»ptr^ to form on each side a secondary or accesisory spiral 
coil. 

Indirectly connected with the modifications of the brachid- 
iura is a calcified plate, arising from the interior walls of the 
brachial vatve along the median line, to which the jugum or its 
processes arc attached or come in contact ; this is the meiiian 
upturn. A median septum may also be developed from the 
conrsponding position in the interior of the pedicle valve. 

Rfctrnt students of Brachiopods have found the structure 

if li 'tnichidium of great value in classifying the species into 

i.jKups; and we are indebted to the work of Glass. 

.1, Bittner, Beccher, Clark, and others, thai our know 1- 

temaliied in the hands of the veterans Davidson 

1. is so full regarding these delicate parts of the 

[i-hI structure.* 

■ For flloMiation and dncrip<iun o( ihese character* ol the Bracfaiopods ib« 

•.tnt it rrJttnd to "An Intrialuciinii 10 the Siuily o( ihr ttnichiopiKla." bjr 

.'' rpolilUhcd In ibc RcpbtU ol the Smic Gcotun!*! Utt 1891 an<I igga ; 

•r Y«9TkJ : (» ibe cUUinue bnai Kepurl on the HrBcliiopotla, rol i 
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Significance of the Facts. — By turning back to the tabbq 
representing the geological range of the several genera and 
families of the Helicopegmata (p. 280) it will be seen that 
the total life-range of all the representatives of the group 
extends over eleven periods of the time-scale (from the 
Neo-ordovician to the Jurassic). In the Neo-ordovician there .' 
appeared a few small representatives of one of the families, 
but in the next period (Eosilurian) all three of the families are 
represented. In other words, all of the family differentiatioa 
was attained in, we may say, the first decade of the life of the 
suborder, and there were in the Silurian 5 genera of Atrypi- 
daj, 5 genera of Spiriferidai, and 1 1 genera of Athyridae. 

All the essential extrinsic characters of the brachidium. 
which ever appeared had arisen at the very outset or initial 
stage of the history of the group of organisms possessing th^ 
brachidium. 

When we consider that in evolution the real increment:: 
in any case is seen in the acquirement of differences in the 
morphological characters of organisms, and it is not a new 
species or genus or order that is evolved, but it is the develop- 
ment by individuals of some part of their organization in a 
different form from that seen among their ancestors, the sig- 
nificance of this observation is apparent. 

After this initial stage there are no representatives of the 
whole order Helicopegmata in which the relative position of 
the loop is not found to be of generic value in taxonomic 
classification, and there is no case in which the modification 
of this character surpasses the limits attained at this initial 
stai^e of evolution. 

The Loop of the Ancylobrachia and the Brachidium of Heli- 
copegmata. — This was in all probability near the time of 
divcr^^cnce of the Ancylobrachia and Helicopegmata, and as 
has been suggested,* the fundamental difference between 
the calcified brachial supports of these important groups of 



to Fischer's "Manuel dc Conchyliologic " on ** Brachiopodes ;" to ZitiePs 
" I landbuch der Paljeonlologie," vol. I., and to Davidson's classic treatise on the 
" British Fossil Brachiopo<ia." 

* " On the Brachial Apparatus of Hinged Rrachiopoda and on their Phy- 
logcny," Proc. Rochester Atad, Set., vol, XI. p. 113, etc., 1893, 
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ilri.i:hiopods ^see Figs. 66-72) consists in the fact that the-^ 

■[> or jugum connecting the primary lamella: in the Heli- 
.'[K'gmata sets off from the sides of the lamellae before they 
.:■. t begun to reverse their direction in forming the volution, 
*<i the continuation of these lamella: is supplied with a caU 
n.:<i spiral support: while in the Ancylobrachia the connec- 
11 dtxTs not take place till after the primary lamella; have 
.t.Tsed their direction and are proceeding backward toward 
::ii.- crura. For them there is no calcified continuation of 
the laincUx, but the brachial arms, although still preserving 




kSpiral form, from the angle of the loop are entirely flcsh]^ 
I therefore not preserved in the fossil state. 
I If we examine in detail the kind and extent of modifica- 
n exhibited in the various genera, in their relations of the 
B and order of appearance in the geological faunas, we gain 
y of the actual fact of evolution of new characters, 
1 in the following particulars: 

I of Jngnn to the Primary Lamella. — i. The posi> 
: jugum in relation lo the point of om 
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primary lamellae from the crurae and the point of their turn- 
ing back to form the first volution of the spiral, is perhaps 
one of the most fundamental differences, as it affects the 
whole mode of elaboration and position of parts of the brachid- 
ium. The extremes possible are for the jugum (i) to join 
the lamellae immediately at their origin from the end of the 
crurae, and (2) to be situated at the extreme front of the shell 





Fig. 73. 



Fio. 74. 





KiG. 75. Fig. 76. 

Figs. 73-76.— 7»xwj/iVa modesta. (After Clarke.) ShowinR the variation in the position of the 

joinini,^ the lamella: where they begin to turn back to make 
the first voluti(Mi of tlie shell (compare Figs. 75 and 74). 

The rapidity with which the differentiation of structure in 
this particular took place is seen in a remarkable way by the 
examination of the earliest representatives of the Helico- 
peginata, as illustrated by the diagrams of the form of the 
brachidium of Zygospira modesta and of the closely allied form 
Z. put ilia prepared by Mr. Clarke.* 

The position of this jugum (or loop) is regarded by Hall 
and Clarke as of less than specific value. They say, ** This is 

* Pal, N. Y., vol. vni. pt. 2, fasc. i. pp. 155 and 157. 
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the origin of tb 



showing the sudden reflection and twist in the origin 

primary lamellEc among the first species of the Eosilurian (vii. 

Dayia, Hindclla, Merista, etc), while the Atrypidw and Spii 

iferidae, in which the lamella are dircctlj 

continuous with the crura:, are futly ex 

pressed at the base o£ the Upper Siluriu 

The second particular in which differeni 

is exhibited is seen in (A) the direction aw^a] 

from or else parallel to the plane of a me 

dian septum. In one extreme (see mZy^ 

spira. Figs. 73-76) the lamellx diverge 

^. a right angle (or less) from the extremity 

liura, ihc crura? toward the lateral borders of tb 

'^^, slieJl, and curve outward and thence do*ii 






pon Ihe upper IMTl 
: pnnury CmclLa. 



: ward along this outer border to the front 
! and as they reflect in the course of theRi 
\ volution, turn inward toward the centre 
In this type the spirals have their apici 
directed more or less inward. Atrypa pre 
sents these characters, and Schuchert has adopted the charac' 
ters of its brachidium as a mark of the family Atrypids (f 
p. 279). 

In Spirifer the lamellae proceed with almost no divergcnci 
in two nearly parallel lines, from the extremities of the crui 
directly toward the front along the inner surface of th< 
brachial valve, and at the front curve directly toward th< 
pedicle valve, and in making the first volution of the spir; 
return nearly to the starting-point at the end of the cnjm 
The spiral thus formed has its apex directed outward lowan 
the lateral border of the valve, and it is in this type 
brachiopods that the great production of the lateral wing 
the shell takes place, and the apices of the spires pcnetrab 
into the pointed extensions of the shells (see Figs, yj, 78J 
These two extreme types, however, first appear near togctbi 
at the very base of the Upper Silurian. 

The Hnmber of VolutioDB of the Spiral. — 3. Another diven 
ence is in the number of volutions of the spiral. Thceariie 
known Helicopegmata arc generally of small size, and tt 
volutions are not numerous: jt is not imjuidi^l^jiayj 
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primitive form of spiral was with few volutions; but if this be 
the fact, the rapidity of their increase to the extreme, found 
in Atrx'pa and in some of the Spirifers (Fig. 77), was early 
fL-achfd in the basal fauna of the Upper Silurian, and it is 
observed that the embryonic forms have fewer coils to the 
spiral than the adults (Beecher). (Compare Protozyga(Hall) 
and Cyclospira with Atrypa reticularis or Spirifer.) 




Direction of the Axei of the Spiral Cones. — 4. Among the 
-■-irlicr representatives wc have also every position of the 
[lirals, so that the direction of the pointing of the axes and 
!lie apices of the cones reaches its full elaboration very early. 
In Zytjospira the apices are directed obliquely toward the 
centre of the brachial valve (Fig. 80, £); in Atrypa and 
Atr>'pina toward the deepest part of the brachial valve (/•'), 
while in Spirifer and several other genera thcj- are directed 
toward the outer margin of the two valves {A)\ in Ctelospira 
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and Dayia outward toward the lateral slopes of the pedide 
valve (the position is intermediate between A and E)\ in 
Catazyga toward the median plane just below the surface of 
the brachial valve (C); in Glassia toward the centre, and the 
apices nearly meet at the centre of the internal cavity {D)\ in 
Cyclospira they are coiled nearly parallel to the vertical axial 
plane, and the apices are slightly introverted. 

Although in lines of species (which in their combination 
of characters show them to have close affinity and hence are . 
grouped in generic groups) the direction of the axis of the L 
spiral cone is pretty constant, we see that whatever impor- 3 
tance may be attached to the different position of the spirals 
in relation to the other parts of the body, the differentiation 
of these features was quickly attained. 









Fig. Ri.— Pi.iKranis of the various forms of the iugum in the Helicopcfmata. a =s Atrvpina ; 
h = Spirifcr ; c - Hindella ; d - H yaitclla ; e — Keuia ; / = \Vhittieldi« ; g = Memtina ; 
A - Athyris ; i = Kayscria ; j — Meristclla, 

The Form of the Loop. — 5. The character presenting the 
greatest degree of divergence in the structure of the brachid- 
iiim is the form of the loop or jugum. In the paper above 
referred to, Mr. Schuchert has suggested that the nature and 
complexity of the loop which joins the spirals are the more 
important characters for subfamily differentiation. 

In Spirifcr proper (Fig. 81, ^) the loop is a simple band, 
about the size of the primary lamellae, joining the two lamellar 
together; in some cases in adults this was partly tibsorbed, 
leaving only two calcareous processes facing each other on the 
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sides of the opposite lameUs. In Zygospira the loop is sim- 
ple, but arched or forming a double bow-like curve (Figs. 73— 
""I. In Dayia there is a simple process from the centre of 
n: saddle running toward the base of the crura (see Fig. 
• [ , *■). There is added a bifurcated end in Whitfieldia (8 1 , f). 
In Athyris (81, h) the ends of the branches are curved over to 
partly cover the primary lamellae of the spirals. In Kayscria 
they are continued along parallel lo the lamella; of the spiral 
coil (8i, /). This extension is only seen in the late Mesozoic 
forms. In Mcristella {j) the branches of the process recurve 
and join together, forming on each side a loop, resembling the 
handles of a pair of scissors. 

In this series of modifications the extreme degree of elab- 
oration is met with among the Meristellin^e. and this subfam- 
ily was well represented among ihc Eosiliirian faunas. 

Charactere of the Bractiidinin found to be good DiBtinctive Char- 
acten of Genera. — It has been acknowledged by all the more 
advanced students of Brachiopods, that the modifications of 
the brachidium are the most important characters to be found 
for determining the generic and higher affinities of these in- 
teresting forms, and great and most painstaking labor has 
been expended within the past ten or fifteen years in working 
out the structure of their delicate parts. 

We may interpret this experience of systematJsts to mean 
that the various degrees of modification observed in these 
parts are found to be constant among species which by like- 
ness in other characters are associated together into groups to 
(arm genera. 

FLastioity a Characteristic of their Early Initial Stage. — We 
have already seen by analysis of the characters that almost 
without exception the plasticity of the characters, and the ex- 
pression of the widest range of possible differentiation in each 
particular direction, were characteristics of the early stage in 
ihc history of the Hclicopegmala. By the beginning of the 
\ rk>silurian the expansion of differentiation had reached its 
\ ircmc in almost every particular. 

Erotntion of the Characters of the Braohidiom Selatirely Rapid. 
— When we consider that we have knowledge of only a few 
small types of this whole order earlier than the Eo^AMnMi., a-vA 
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that the Helicopegmata lived on to the middle of the Mesozok, 
and, third, that most species have a life-period of a third or 
half of the duration of the whole Silurian time, it is no exag- 
geration to say that the evolution of these modifications o( 
the brachidium was, relatively to all laws of organic changeia 
geology, extremely rapid. 

Rate of Initiation of the Qsnera of E«Uoop«giaata. — I f nov we 
reduce the facts of generic differentiation to graphic form, «e 
find that the sudden or rapid differentiation is a fact, and is 
not due to imperfect evidence. Considering, as in previous 
cases, classification to be a mode of expressing degrees of dif- 
ference, we may rely upon the mathematical relations of initi- 
ation of the groups of equal rank as an expression of the rate 
of initiation of new characters in general, or an approximate 
measure of the rate of geological evolution. 
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Tlic Helicopegmata as a suborder is found to be reprc- 
sonttjd in three family types of slructurc; one of these ap- 
piart-d first in the Ordovician, in a single subfamily, a single 
IT j)iissibly two genera, and but few species. At the opening 
|^f the next era, the Upper Silurian, the other two families 
appear, and seven out of the known twelve subfamilies were 
initiated. 
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Dn^dcr the actual total number of generic types 
Ic suborder, and some of the later of these genera 
pon very slight modification of characters, we find 
The rate of their initiation is: Ord. 2, Sil. 20, 
arb. 10, Trias. 16, Jur. 2; or by the time of the 
in which any of the suborders are known one 
:he total generic differentiation had taken place, 
itiation did not cease till six eras had been passed 
(orders became extinct, 
iting these facts in whatever way we may, they 
in testifying to a rapid and early expression of 
ces in structure which have served as the means of 
Ing different families, subfamilies, and genera; and 
pection of the figures seems to indicate that in 
to the higher taxonomic rank of the characters, 
or more rapid was their initiation. 
Iaw of Bate of Initiation of Qeneric Characters. — In 
the scientific fact here noted, irrespective of 
itical explanation, is that, relative to the known 
range of species of the Helicopegmata, the grander 
in structure were very early to appear, and that 
i of differentiation after this early stage was largely 
if varietal and specific characters and proportion- 
1 characters of higher rank. 

■period of Genera and the Initiation of a New Oenus. 
now examint.d some of the laws nf genera as ex- 
thc case of the Helicopegmata. The characters 
lund to be of generic value, such as the particular 
! the calcareous framework supporting the brachial 
a definite history. E-vamining all the known 
s, from the beginning of geologic time to the prcs- 
und that the structural characters peculiar to this 
5 confined to the lime extending from the Lower 
the Triassic or Jurassic era. As a particular cx- 
nstance. the arrangement of the brachidium char* 
' the genus Meristella (see Fig. 81, j, with the 
3p forming two lateral rings, and the cone of the 
tJ}l([to the lateral margin of the shell, ax in Fig. 
lire S/Jurian, and is never seen atv« \\\t: \W»«i- 
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nian. The genus is said to be characteristic of that period; 
and not only in America, but in Europe, in China, in South 
• America, wherever Paleozoic rocks are known, Meristella is 
found characteristically in the Upper Silurian, running rarely 
a little below, but more frequently above, into the De- 
vonian. 

There comes a time in the history of organisms of a par- 
ticular line of descent, when a certain definite arrangement of 
the parts of the organism becomes conspicuous, as this partic- | 
ular loop of the Meristella; the occurrence of individuals \ 
developing this peculiarity is limited below and above. This ^ 
arrangement differs from that of the corresponding part in 
any other animals of the same time ; and all the animals ex- 
hibiting this character may be considered as closely allied 
genetically, because in other characters they also show strong 
resemblance. This state of things is evidence of the beginning 
or initiation of a new genus. 

If all the specimens known possessing this new character 
wore examined and classified, they would be found to have 
minor differences of form, surface marking, etc., which furnish 
criteria for dividing them into several distinct species. Geo- 
logically, one of these species is the first to appear; it lives 
but a short time relatively, or it may continue to live during 
.-e\eral periods. It is peculiar to one country', or it is the 
same throughout the world wherever the genus appears; but 
whether there be many or few species, the character which is 
called a generic character begins at some particular time: 
during a certain period it is frequently met with; after a time 
it ceases, and is never known to appear again. The particu- 
lar combination of characters on some one organism consti- 
tutes its generic characters, and we may say that the genus so 
char.icterized has a certain definite life-period. 

During the Life-period of the Genus its Characters Constant. — 
While other characters may vary, these generic characters do 
not change sufficiently to be noticed .is of importance to the 
paleontologist. Not only the generic, but the family and 
the ordinal, characters, which are associated together under 
the generic name Meristella, are thus constant for all the 
specimens examined. 
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A Calminating Point or Aome in the Life-period of a Qenos. — 
Again, wc observe that the fossil specimens which present the 
characters (of Meristeila for instance) arc most abundant 
alon^ the middle of this period ; for the Meristellas it is about 
the Neosilurian; also in that period they are more frequently 
met with in distant parts of the world; and where they are 
most abundant the characters which serve to distinguish them 
into separate species are more numerous: and both before that 
epoch and afterward there are fewer and fewer, until we reach 
both ends, where the species are very rare. 

Sommary of the Oeological CharacteriBtica of a Oenns, — To 
generalize the above observations, it may be said that the 
genus practically has a time of beginning and a time of ending. 
Practically, that is. according to the knowledge we possess, 
there was a geological time, represented by a particular horizon 
in the geological series of strata, when each genus began; 
there was a particular period, of shorter or longer extent, 
during which the genus was freely propagated, and abundant 
individuals flourished, leaving their remains in the strata, 
wherever the conditions were appropriate for their preserva- 
tion. The genus had a period of decadence, or of growing 
old, the species became fewer and fewer, the individuals more 
rare, and finally the genus died out, and, so Far as our knowl- 
edge goes, became extinct. These laws apply to Meristeila. 
and in substance they apply to all genera we know of. The 
rriod from the initiation to the extinction of the genus is ^^j^m 
period of that genus. ^^| 
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CHAPTER XVII. 
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% 

THE PLASTICITY AND THE PERMANENCY OF CHARAC- t 

TERS IN THE HISTORY OF ORGANISMS. | 

Baces in Paleontology. — During the life-period of a genus > 
constant changes are found to take place among the represent- 
atives of the genus as we follow them upward from stage to 
stage of their geologfical succession. The forms appearing at 
the first epoch, in the life-period of a genus, are generally 
found to be of different species from those occurring later; 
and in many genera there are enough specimens collected, and 
suflFicicnt knowledge regarding them accumulated, to enable 
the paleontologist to recognize a series of forms regularly 
succeeding one the other, presenting slight modification from 
one static to the next, but those of each stage showing closer 
resemblance to those immediately preceding them than to any 
other species of the same genus. The series of forms thus 
resemblinij^ each other may be called races, because of the 
very evident genetic relationship existing between the later 
and tlie earlier representatives of the series. 

Phylogeny of the Race. — When we examine the details of 
fi^rm in such a series of succeeding forms or races of a genus, 
comparatively, it is often apparent that the changes under- 
gone in respect to each character are progressive or of an 
accumulative nature, and thus they resemble the changes 
which the individual undergoes in ordinary' growth. The 
technical name proposed by llaeckel for this morphological 
history of the race is Pliyloi:^c}ty^ contrasting it with Ontogeny 
or the histor\' of growth or development of the individual, 
from its relatively homogeneous condition in the ovum to the 
more or less differentiated adult organism. 

Mutability and Phylogeny. — The Cuvierian school of natu- 
ralists believed in the immutability of species, and for them 
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principle of racial evolution or phylogeny was barred out. 
X Ceoffroy St. Hilaire and Lamarck with their idea of mu- 
iltty of species laid the way for a consistent theory of 
logenetic evolution, although in their time the knowl- 
;e of paleontology was not far enough advanced to furnish 
lal phylogenctic scries of organisms. It was, however, 
till Darwin had constructed a working hypothesis for 
steps and manner by which new types of organisms can 
■, that evolution became an accepted mode of explana- 
of the course of biological history. 
The great advance which the present generation has wit- 
ihe interpretation of the science of organisms is the 
;c in belief, which all naturalists have more or less thor- 
;l>ly undergone, from the doctrine of immutability to that 
mutability of species. Some theory of evolution and 
rlojrcnelic origin of species is the necessary outcome of 
doctrine. Darwin more than any other single man 
»■» the means of producing the change of conviction in re- 
iputl to this point. 

Tie Phylegenetic Theory of Xvolation. — The phylogenctic 
tbfory of evolution is logically an expansion and application 
^ the principle of organic growth, already recognized in the 
tievclopment of individual characters, to the evolution of spe- 
(ific and more fundamental differences. It is a recognition 
organic correlation between separate individuals, As 
iwth takes place in the individual by the segmentation 
separation of cells, with specialization of functions, t1rst 
different cells and finally for the complex structures 
;Ilcd organs, the whole showing its organic unity by the 
Ljtual cooperation of all of the parts in the life of the 
iiole. so the phylogenctic theory recognizes in the species, 
- the race of species, an organic unity of a higher sphere, in 
hich the individuals play the part of mutually adjusted and 
i<;iperating parts in this greater organic whole. 
The theory- goes one step further, and includes the propo- 
tbat as the principle oinnc vivum ex mv Ts true in the 
'hutory of individuals, so each species postulati-s a prc- 
spccie4. This is the philosophy of lh<' • i 
be observed that the concrete facts illusi i 
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laws are always found together in the same organism. Each \ 
individual organism is the source and record of those facts \ 
which we separately interpret as evidence of cell-growth, in- ' 
dividual growth, the differentiation of organs, and the phylo 
genetic evolution. 

Thus there are series of organic forms succeeding each " 
other in some regular order, known or unknown, which arc 
bound together by organic, and in this case called particularly 
genetic relationship. The changes in form observed upon 
comparing the individuals at different points in the line of 
succession are accounted for by some law of evolution, and 
the origin of the different members of the series is said to be 
by generational descent, the later arising from the earlier. 
On account of the mutability of form in the process, species 
presenting different form, different function, and incapable of 
organic fertility are supposed to have arisen originally from 
a common parentage. 

Mutability the Fundamental Law of Organiimt ; the Aeqnire- 
ment of Permanency Secondary. — This analysis brings us face 
to face with one of the chief inconsistencies in the prevalent 
conception of the nature of organisms. While the doctrine 
of mutability of species has generally taken the place of im- 
mutability, the proposition that like produces like in organic 
generation is still generally, and I suppose almost universally, 
accepted. It therefore becomes necessary to suppose that 
variation is exceptional, and that some reason for the accumii- 
lit/ ion of variation is necessary to account for the great diver- 
gencies seen in different species. Darwin*s theory of natural 
selection is chiefly concerned in accounting for the accumula- 
tion, increase, and perpetuation of divergencies arising by 
natural variation. 

If we extend the principle of mutability, and instead of 
rej:^arding it as an accidental circumstance in the life-history 
of or<;anisms, recognize it as the distinctive and fundamental 
characteristic of living beings, we escape this inconsistency. 

in the physical and chemical world like causes do pro- 
duce like effects; but in the organic world like produces like 
** with an increment," as Professor J. D. Dana put it. Muta- 
bility and variation are evidences of this increment. The 
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^^Kcment is the great fact; the checking and limiting of it is 
^^Bondary. The search has been for some cause of the varia- 
tion; it is more probable that mutability Is the normal law of 
-.^nic action, and that permanency Is the acquired taw. 

It is more probable that the use and tested adaptability 

t a variable part is the cause of checking the variablHty and 

■ the imnsmiision of the character with less or no variation, 

tha n tliat the vari-itlon is increased by this process, Adopt- 

; mutability as a fundamental law of all organic activity, 

1 the construction of a theory of evolution becomes a simple 

We have in that case to account for the acquirement 

P*C permanency of characters. This is found in the principle 

I ol ordinary generation, the instituting of habit, and the more 

I longer the species breed together the closer and more 

vill the characters become. 
BwIt Plasticity Bacceeded by Permanency ezpreued in Oeo- 
1 Hiitory. — Examination of the history of geological spe- 
s suggests the truth of this hypothesis, for it is observed 
C many species, which by their abundance and good prcser- 
itton in fossil state give us sufficient evidence In the case, 
exhibit greater plasticity in their characters at the early stage 
tiun in later stages of their history. A minute tracing of 
fines ol succession of species shows greater plasticity at the 
beginning of the series than later, and this is expressed in the 
i/'Mcmatic description and tabulation o{ the (acts by an in- 
crease in the number of the species. 

In order to illustrate this law a special consideration will 
i;jw be given to the facts regarding the laws of specific his- 
' iry as obserx'cd by the paleontologist. 

Pritcb&rd'B Definition in which the Conitancy of Transmission 

.!' Same Pecnliarity ii made the Criterion of Speciea — ^I'hus far 

c have been considering generic characters — that is. those 

haraciers which arc constant for one or more species. The 

next question to consider is. What are the laws exhibited 

\ the history- of specific characters? There arc v-irlous defi- 

of species which aiv more or less theoretical ; hut 

r our theory about the definition, the fad remains 

[| naturalists do recognize within slight limits of difference 

f of groups of organisms called by the name specici. 
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reticularis and its allies, as an example of the pcrmanencx' of 
the plastic condition ; the bivalve shell Lamellibranch ^Ptj- 
hoptcria) of the Upper Devonian, illustrating the initialioa 
of the species of a genus; and Mammals, in illustration of 
progressive evolution. 

The History of the Spirifen. — When we attempt to dU- 
cover the laws of phjlogcnetic succession we are obliged 
consider specific and varietal characters. 

As has been already shown, the length of the gcolc^ 
time through which the characters of generic and higher rank 
are exhibited is, by the Brachiopods at least, measured bj* 
geologic periods: and there are series of Brachiopods extend- 
ing through one or more geologic systems in which the ge- 
neric characters expressed are alike, the various represcntati*^ 
from beginning to end exhibiting differences only in the 
lesser or specific characters. 

For the study of the history of such specific cbaiactets 
the Spirifers may be taken as examples. The whole fanul] 
Spiriferidae begins, according to present knowledge, near tin 
base of the Upper Silurian, and there are two known repre- 
sentatives in the Triassic. The genus Spirifer begins at tiie 
base of the Upper Silurian, and is well represented through 
the Silurian, Devonian, and Carboniferous. There arc named 
218 species in America. Hall in his " Genera of Brachiopods 
recognizes over two hundred species. The species referred 
to this genus in the Mesozoic are probably of distinct generic 
rank; a large number besides are defined in other countrict. 
Among the numerous species assigned to this genus there 
great variations in a few particulars. In the whole gd 
there may be three hundred, or possibly four hundred, good 
species, or forms, presenting two or more describable cliw^ 
acters, of which each is different from .iny other spcciea. 
When we examine the whole genus, and note the characters 
which distinguish one species from others, and arrange ibe 
characters into classified groups, as they concern separate ele- 
ments of the shell, they may be classified as modifications of 
a few elements of the form or structure of the shell. 

The Pennaneat Charaetera of 0«nerio or Higher Rank. — Exam- 
ining the successive forms of Spirifers, we ubscr\'e that there 



TjaTY AXD PERMANENCY OF CHARACTERS. 3OI 

lines of individuals, each running through one or 
'logical periods, and repeating without noticeable 
the precise morphologic characters of its ancestors 
Ihc generic characters, and exhibiting differences only 
pccific or less important elements. The specimens 
this law we associate together as a genus and call 
the same generic name, expressive of the fact that 
in all their morphologic elements, except such as 
different species of the genus. The characters of 
ralue vary during the life-history of the genus, but 
■ic characters remain unchanged ; or, to apply a spe- 
[nalion to these two facts, the generic characters are 
d the specific characters are more or less fi/nsfic. 
icten which are Plastic at the Pirat or Initlid Stage of tlta 
At the initial stage of the genus S/firi/rr the generic 
. may be supposed to have become 6xed. The 
ic characters are chiefly seen in a few definite mor- 
clements. These are : (1) the ^an/cur of the shell, or 
of growth, the relative rate of growth from the nu- 
tward; this is seen in specimens with short hinge 
others with produced angles at the extremity of the 
in the intermediate forms; (11) the vertical extent 
Br'/a, ranging from low to high area; (III) the i/r/- 
Opcn to closed; (IV) the surface, evenly arched 
producing a single median fold, or several folds, ex> 
to the beak, or with intermediate development; 
tw/ace itriations, radiating and concentric, fine or 
NmtinuDus or interrupted, uniform or bifurcating as 
lop toward the front. 

ftUtiMt of Plaatio Charaoten in a Oenerio Series. — It is 
degrees of modification of these characters that con- 
le ^iccific differences upon which the several species 
1. They arc all phistic or variable at the first 
the individual species of the genus present certain 
variation of each of the chamctcrs. 
go a step farther and classify all the variable char* 
the gcims, we may discover in numerical terms the 
'een retention of p];i.«ticity and the passage of 
effect of time in limiting the variability ol 
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more or less plastic elements of the genus. The charact^!^ ^^ 
of Spirifers that are of chief generic and specific value aretl^^"^ 
following : '' 

A. The form and arrangement of the spiral appendages. 

B. The general proportions of the shell. 

C. The delthyrium, deltidium, and fissure ; their shape aa^ 
development. 

D. Hinge area, its length and height. 

E. Surface markings; radiating striae, fine and continuou* 
or coarse and interrupted; including imbrication. 

F. Medial fold and sinus. 

G. Plications of surface — simple fold, or many and bifur- 
cated folds. 

H. Structure of shell — fibrous or punctate. 

I. Spines, or setai, or elevations, granular or otherwise. 

K. Special development of septa, medial or deltidial. 

Whatever evolution has taken place should be expressec^ 
in terms of some one or more of these characters, for thes^^ 
constitute the differences distinguishing the several knowr^ 
species. 

A. Spiral Appendages * — So far as we know, these varia-^ 
tions during the life-history of the subfamily or genus do no't 
exceed slight adjustment of position and direction of the coil^ 
to the internal capacity of the shell, and variation in the num^ 
bcr of the coils. Of both of these characters too few statistics 
arc at hand to enable us to base upon them any law regarding 
the rate, or even direction, of evolution; but the modifications 
appear to be all easily explainable by the principle of ex- 
trinsic evolution, i.e., adaptation to external conditions in 
the process of ontogenesis. 

H. The Getter al Proportions of the Shells, — Taking an 
average of the extremes of form for the whole of the hinged 
l^rachiopoda and constructing a medium form, the result 
\v(nild be an oval shell, with hinge line shorter than the great- 
est width, and the pedicle valve larger than the brachial, with 
low hinge area; a deltidium; no fold or sinus, further than a 

* Sec, regarding this and other dcuils, Paleontology of New York, vol. viii., 
*• An Introduction to the Study of Genera of Paleozoic Brachiopoda," pi. ii„ by 
James 11 all. assisted by John M. Clarke. 1894. 
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tendency to lengthen the central part of the ventral and 
shorten the central part of brachial valve. Both valves would 
be convex, but slightly so. Atrypa reticularis is not far 
from such a medium form of an articulate Brachiopod. The 
Spirifers vary in the following directions in respect to these 
characters: The pedicle valve may be greatly developed 
about the beak, forming considerable contrast between the 
two valves. This variation is noted in species of the earliest 
stage, in individuals of most species when contrasted, and in 
different stages of growth of the same individual. The varia- 
tion is most noticeable among species which are abundani 





Fig. 8a. — Variation* in form of Spirifer Vtrneuili. (After Gosselet.) Ay outline of the form 
Cytindriciy from the upi>cr Frasnicn ; B, form Hemicycliy from the Frasnien ; C, form Obo- 
vatt\ from the Famennien ; /?, cardinal view of form EioMgait\ Famennien ; £", cardinal of 
extreme of hemicycli form, from the Frasnien ; / — fold of the brachial valve ; b — a|>cx of 
the beak of pedicle valve ; d = delthyrium ; a = cardinal area ; e = lateral extremity of the 
cardinal area. 



and of wide range, and rare or local species are generally less 
variable in this particular (Fig. 82).* In size there is consider- 
able variation, but most of the species of the Silurian are 
small for the genus, though in this respect perhaps the 



♦ Fig. 82 illustrates some of the conspicuous differences in form assumed 
by the Spirifers. The variations are further interesting as occurring all 
on the same species, and appearing on specimens selected from the same 
geological province, from strata differing a little in age, but all from the upper 
half of the Devonian of northern Europe. Similar specimens have been seen 
in the corresponding rocks of New York State (sec Am, Jour, Set,, vol. XLix, 

p. 473)- 
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largest species of the Niagara or Silurian is not more than an 
average for the whole range of size. If the size is expressed 
on a scale of lo, i representing the smallest and lo the 
largest, the range in the Silurian is about i to 4. There is 
a general tendency to increase in the size of species of the 
genus from their beginning to the Carboniferous. The Silu- 
rian species average about 3 on such a scale, the Devonian 
species 5, the Carboniferous 7, and the size of the Mesozoic 
species would average about 3. 

The species which contain the larger individuals for their 
period are generally more abundant in numbers. There is 
evident adaptation of size and abundance to conditions of en- 
vironment, for certain deposits contain abundant and large 
representatives of a particular species, while other deposits 
contain but few and small individuals. The character B, then, 
is evidently in its evolution purely extrinsic, the species adapts 
itself to environment, and in each race the adaptation is 
[greater with advance of time up to the Carboniferous, where 
the whole race deteriorates, and in most species becomes ex- 
tinct, only a few surviving, and those having some specially 
developed characters. 

C'. llic Dclthyriutn and Dcltidium, — The delthyrium is the 
opcnini^ through which the peduncle passes for the attach- 
HKiit of the shell, ami its covering is the dcltidium. In its 
early stage the young shell was always attached, and the del- 
thcriuni was open. In some species there was very plainly a 
gradual closing of the fissure by ?\, pscudodcltidiuin^ a covering 
of shell growing over the fissure from beak downward. In 
others, there is this pseudodeltidium with a slight foramen 
I^ernianently running through it (see Fig. 82, Ay B, D, and 

In others there is a permanent open fissure; at least, no 
calcified covering is present in the adult. The presumption 
is that there was variation in the length of time the individual 
was attached, some species becoming free at very early periods, 
others remaining attached throughout life. If we express this 
character mathematically, I referring to attainment of free 
state very early, 10 permanently attached, we find among the 
species of the lowest period of the Silurian (Niagara and cor- 
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responding formations), in each of the chief types, great fluc- 
tuation in this character; i-io. perhaps, is not too much. In 
later periods there is variability, but each species is subject 
to less variation, so that mathematically the species might 
bt; said to have this character variable in separate cases, 1-3, 
2-5, 3-/, 5-9, etc.; and there are certain lines of forms in 
which the general range of this variability continues the same 
from period to period. 

As to the size of the fissure in proportion to the other 
parts of the shell, there is considerable variation, but it is 
probably co-ordinate with the development of the area, those 
with high area having narrow fissure, those with low area a 
broad fissure. The characters, therefore, of the dellhyrium 
and its cover show, in respect of evolution, purely extrinsic 
modification, the characters reaching extreme range at first, 
and afterwards, in the various races, expressing modification 
by restriction of variation and adaptation to special or local 
conditions. 

D. HtHgf Area. — This may be very narrow and elongated, 
forming a long hinge-iine, or it may be very high, forming a 
triangular and greatly developed area and ventral beak. I 
know of no species, or sets of forms, which express a greater 
range of modification of this feature than the two species 
called SpirifiT plkatflla and Cyrtia f.xpoTrecta of the Wcnlock 
limestone. The specimens with high beak are generally 
-lli'd Cyrtia; the specimens with moderate or low beaks are 
:.irifer. This character ranges from l-io in the earliest 
i^e. In other species (S. crispm and its associaie.sj there is 
.1 less degree of modification of this character (Figs, 88^1). 
In later forms the range of modification for each species is 
ijenerally confined within less limits. The extreme extent of 
the modification and the extreme forms themselves arc gen- 
erally met with where the species are most abundant, and the 
prevalence of one extreme or the other is expressed in the 
l;iter end of a series, which from the close resemblance of the 
successive specimens constituting it may be considered to be 
4 (rue genetic scries or race. Here again we find evidence 
it whatever evolution takes place is extrinsic and results, 
ircticnlly, from adjustment to environment, selection in 
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ding and limitation of range of variability by hercditaJ 
nission. 

E. Svrfaee Markings. — The surface of Spirifers, whd 

I preserved, are almost always covered with fine longitude 

r radiating lines, or these interrupted by concentric lines 

;uUir papillary elevations (sec Figs, S3-95). Judging 

I tbc structure of living Brachtopods, these are associated 

Iccrtain setose prolongations of the edge of the mantle. 

listles. and their appearance in the structure of the shell 

ICC may be due to a growing around the individual bristles 

^e cjclreme edge of the shell, so that the strise are of im- 

in some (Spirifer fimbriatiis, Unratus, etc.) the 

[ is large enough to show the openings, which are quite 

^catetl and resemble the opening of a double-barrelled 

The modification of this feature is by increase or de- 

C in siie of the stria;, by interruption regularly or irregu- 

When interrupted regularly, it appears to be by a 

idical stoppage of growth, and thickening of the shell 

Ute. forming on the surface imbricated structure, the stn% 

; iinew at each successive imbrication. The fact that 

s surface stria; is also so accounted for, the deposit of 

Vfilling up all the under side of the stria;. In Sp. pUtd' 

I (Figs, 84, S5) the whole surface is uniformly covered 

1 these continuous radiating stride. In S. crispus (Figi 

\i) the surface is interrupted by imbrications, and v. 

Way regular rows of the interrupted lines. 

, comparison of series of successive species, which ] 
Kfcneml combination of characters may be supposed! 
1 direct line of genetic succession, .shows agradi 
ifatng in size of the strix, and in case of the continj 

increase of imbrications there results an 
I'jOf the stria: — at least they fail to be disccmiblel 



vlar size and fonn of these stria: seem to b 
! neaiifi of tracing the lines of hereditary s 
fiWhat we may suppose to be such lines; for spccies.j 
k in other respects are very much alike can be easily dis- 
I by this cltar^icler if the surface be well prcsorv«dj| 
difiration of this chanictcr appears to be in 
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Br three directions. In tho series in which the strix 
reinue unbroken by imbrication there is an JncrcAse in 

strength until, in Carbonifcrout timci, 
the species of this series develop i 
spinous extension of the surface uitb 
minute tubes, extending outward frnm 
the hhcll: these tubes are seen tii a 
few of the Devonian fonns al*o. Is 
tht race with imbricated surface, where 
the imbrication is persistent and regu- 
lar, the striate structure becomes entire- 
ly obliterated in the course of time 
iA>i-/f./..».w,w (sec figures of 5. crispus. go, 92). In 
^^niiiiy nnin«ri%«™nK the othcrs. whcrc imbrication is irregular, in 
t,itii«.hSi»i the Devonian and the Carboniferous 

r f lh« •(UIie« =rc pcrfrcl ; .1 ^ - . , , , , 

l??}?.'!.''"^''.J.°L'.JJ'J''^J?'^ eras there arc species with roughened 
r wine- ■i.d-i./ihVlwbLkM ^"'^'^*"' i'^'^g"'^'" ^"t granular (as ."i. 
\ ^rkl"l''.l^'^^l^;\^Z^'^^granu/i/friif of the Hamilton), and this 
nkoil liniAwn " k'(^ indicates a development of part, with 
(AfierH«iLi obliteration of othcrs, of these surface- 

Beaching ends of the stria:. All the modificatinn noticed in 
■his respect is also extrinsic, and can be accounted for by 
processes of natural selection, slowly intensifying the character 
With repeated generation. 

F and G. PUcation of Surface ami Median Fold and Sinus. 
—The next character to be noted is that of ihc flicaticn of 
^ke surface ; each species is pretty constant in the extent to 
which this modification reached, but in the early forms of the 
Niagara formation there is extreme range of variation, not 
inly in the whole set, but in the species which are, in other 
" respects, less variable. 

Sfiirifer pUtatella, variety radiatus (Fig. 83), Is generally 
lacking in plications ; but in Europe there are specimens (gcn- 
herally associated with the others) in which the plications are 
I the margin of the adults (see Figs. 84, S5); a few 
plications appearing on each side of the medial fold. In Amer- 
ica the plicated form is called S. Niagarensis (Fig. B7), and is 
^nifurmly plicated to the beak. In the series 5. erisfus and 
''y suUatus (Figs. SS-93') we find the same variability, 
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• showing all grades of modification, from one or more t 

t might be represented by number six, on a scale of tenj 
. lit plitatellay the variation is one to four. In sonf 

r forms the variation for each species is shght, rarely moq 
n one or two tenths, using this means of designating t 
-■;e of plasticity. In the Spiri/er lanis, found abundantly 

ic rocks at the foot of Fall Creek, Ithaca, N. Y., there 

;;<:ncrally no plications, but occasionally a specimen is 

I'l with the margin for half an inch up corrugated by this 

^ncation. In this species the character is probably the 

nant of a plasticity more strongly uxpresstd in its an- 
-■irs. 

The general development in number of plications is noted 
-ime lines of species, especially those showing bifurcalioi 
\\\c phcations during growth; and, as in tht case of 
liian fold and sinus, this character is developed in the f 
: ctions of increase and decrease, in different races. 

In one series increase, by dichotomy of the surface pli 
■'^. beginning in adult forms and becoming more and moi 
-iv in starting, aflccts first the centre of the shell, then tl 
-.4.'ht>oring parts of the side until the whole surface 
It^Lted, but by slow degrees; so that, expressing the evolti- 
~: in the same way as heretofore, the rate of development 

•proximately as follows: I-3 in Lower Devonian, 2-4 in 
;.cr Devonian, 3—7 in Lower Carboniferous, 6-10 in Upper 
Coniferous. 

rhi:i modification appears to be dependent upon, or 
•Mve of, the rate of increase of the shell in either 

il or in the circumferential directions. If the circumfcr- 

of the shell increases more rapidly than the growth in a 

: .1 direction the margin becomes too large for the shell at 

ormal distance from the beak, and it is necessarily puck- 
: into folds to accommodate itself to its conditions; thus 
■ grows its surface becomes plicated into folds. When the 
ah in the radial direction keeps up with the increase 

-.rcumfcrcntial direction tlie shell remains smooth, and 
.tioru arc developed. Thus the increase in the number 
-tion» for a given shape of shell is evidently due to 

['^ration or earlier starting of the differentially cx< 






3IO GEOLOGICAL BIOLOGY. 

growth in the circumferential direction. A general rule is^ 
that the coarser plications are more prevalent among Siluriaa 
forms, while the forms with fine plications are more prevalent 
in the Carboniferous. Increase in the actual number of pli- 
cations on a shell is, as a variation of the species, due to ex- 
tension of the hinge-line and corresponding parts of the shell, 
and not to irregularity in the general size or number of the \ 
plications upon a given extent of surface. i 

H. Structure of Shell. — The shells of true Spirifers^xt '\ 
fibrous in structure ; the presence of punctation characterizes •: 
such closely allied genera as Cyrtuia, Syr ingot hyr is y and Spiri- \ 
fcrina, Cyrtina is present with the genus Spirifcr in the '^ 
Niagara, and continues about as long as that genus. They 
seem to be parallel genera, dififering in the constant presence 
of this character in the genus Cyrtina; but this peculiarity o( 
structure, the punctation of the shell, whatever it indicates, 
is more conspicuous among the later than among the early 
types of the family, and continues longer to be dominant. la 
its first or initial appearance, as a character, it seems to have 
been evolved intrinsically, among the distinctive differentia- 
tions of the family. The modification of structure, which dis- 
tini^uislies punctate from fibrous structure, appears associated 
with otiier modifications and to involve considerable internal 
adjustment. No evidence of the gradual appearance of the 
cliaracter has been discovered. In Spirifcrina or Cyrtina the 
punctation is found wherever, among the earlier forms, the 
shells are well preserved. The punctate genera are sharply 
distinguished from the types with fibrous shell structure. 

I. Surface Spines, Granulation, etc. — These are associated, 
more or less, with characters marked E, and affect the super- 
ficial layer of the shell (the periostrachum) ; their development 
is successive and accumulative, and is associated with particu- 
l.ir series, and it appears to be a feature increasing with time, 
botli as to size and strength of the characters. The characters 
develop quite in the extrinsic way in all the races in which 
thev have been traced. 

K. Special Development of the Median Septum. — This 
modification in different species of the Spirifers is extrinsic in 
its mode of evolution. One case has been traced with pre- 
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Jin a series of specimens of Spiriffr mesocoitalis Hal 
in, in the Middle Devonian, shows in most specimens nOi 
V of a median septum in the ventral valve, occasionally a 
I >■ appearing with a mere line representing the septum. 
■ ie base of the Upper Devonian (Ithaca group) frequent 
linens with slight development of the septum are seen; a 
higher, in the middle and upper part of the Upper 
-nian, the septum is conspicuous and is strongly de- 
iped. In other species the development of septal parts 
icars to be varietal; the older shells, in general, express- 
iullcr calcification of parts which are supports or partitions— 
Bpn active organs of the animal. Among the Spiriferida 
^Kbre several such lines of species, as the Cyrtina and tha 
Wtft^ita: and in fact the forms which are punctate are ; 
•re or less prone to develop calcified supports or partitioal 
itcs. 

idntioii of Extrinsic Specific Characters Comparatively Slow J 

1 their FlaBticity is Greater at the Initial Stage. — In z 
(SC characters, wliich constitute the specitic difterenticB 
[ species concerned, we observe a relative slowness a 
ton which is quite consistent with the laws of natura 
ton, of gradual acceleration or retardation by hereditary 
. and of the perpetuation of favorable characters by thd 
i;nng out of others; but at the same time we notice 
early stage of the life-history of the genus, or subfamilyfl 
rkcd plasticity in respect of most of these characters 
V is in strong contrast with the fixity and persistence, 
change, of the characters of higher rank which mark 
and it|.i[iear to have arisen at the same time. 
■ of Intrinsic and Extrinsic Evolution ezpreued in Varia- 
jid Permanency of Characters. — Among the first repre- 
bvcs of the family there arc family characters whid 
tcatcd thereafter in numerous individuals for scvera 
S of geologic time without noticeable change, and th^ 
t appear before. There are also characters appcarini 
\ first species which vary and show slight change all t 
; thereafter, and are themselves less different Irolj 
a of previous forms; relatively, one set of ( 
» and thereafter a long line of succcsaow J 
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with the same characters not modified ; the other set an 
plastic at the first appearance, and only by degrees in the 

lurse of geologic time do they become fixed and permanenl. 
is this difference in the law of evolution of, the character, 
as traced in historical series, that has led to the distinction of 
the two modes of evolution, the one intrinsic, and the olhcr 
extrinsic, as defined on a previous page. Intrinsic evolution it 
conceived of as normal expansion and dififerentiation of the 
organism itself from within, and is the expression, in some 
way, of an intrinsic tendency of the particular race of oi^n- 
;, The other, extrinsic evolution, expresses the limitation 
and selection exerted upon the organism from without, Varia- 

lity is thus the morphological expression o( intrinsic evolu- 
tion, and permanency or ihi: transmission of characters with- 
out modification is the morphological expression of the effect 
of extrinsic forces. 

Hall'a Analysis of the Oenns Spirifer and Clauiflcstioa of iti 
Species. — The history of the evolution of the ^enus Spirifer 
maybe seen from a somewhat different point of view by an 
nination of the classification of American Spirifcrs by 
James Hall, than whom we have no more critical observer cf 
specific differences in fossils.* Professor Hall rccogmics 
about two hundred species of Spirifers in the American 
Paleozoic rocks, none of which he considers worthy to be 
regarded as even of subgeneric rank in relation to the typical 
Spirifer stock. But there are certain groups of species natu- 
rally associated together in successive lines which may be 
regarded as genetically separate races, each line being char- 
acterized by an association of common characters and differ- 
ing from the others by the relative development or elabo- 
ration of one or other of its characters. 

Six such principal groups are recognized, called by Hall, 
I. Radiati; II. Lamellosi ; Fimbriati; IV. Aperturati; V. 
Osteolati ; VI. Glabrati. 

Sange of Species of Bpirifer in American Formations. — In 

the following table the lists are arranged in such a way as to 

I show tor each particular race in each group iht^ nmuhr r <a 

\ • " An Imroduciion to the Stiuly ot llie Gener« of the I' 
Lods,"— Rily. N. v., vol. VIII. fwrt ii. (aKicli t, pp. lfi-40, 1^ 
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in these lists the life-period of most of the species is (or i 
length of a single formation. 

Sach of the Chief Types Bepretented at the Initial Perioi 
the Oenns. — It will be noticed also that each of the four pi 
cipal groups had representatives in the Niagara epoch, \ 
only a single species of Spirifer is reported from a Lo' 
horizon. The other two groups, Ostiolati and Glabrati, 
not appear till the Devonian, but these both appeared toget 
in the Upper Helderberg. 

Three Epochs of Bpeoial Expansion with Slow and Orsi 
Change Daring the Best of the History of the Oenns. — Of the 



Silurian Devonian Carboniferoui 



I. Radiati. 



II. Lambllosi. 



III. FlMBRIATI. 




IV. Apkrturati... 




V. Ostiolati. 



VI. Glabrati. 



Fig. 07.— Table representing the expansion of the Spirifers in subgeneric groups, according 
cl^issificaiion noted by Hall, and elaborated on page 313. 

races into which the known American species are subdivic 
7 arc reported from the Niagara; i begins in the Lower I 
do! l>erjx. 3, Oriskany, 4, Upper Helderberg, i, Hamilton, 
.\ at the base of the Carboniferous, i.e.. over a third of 
known races be^an at the first fauna in which the genus 
pears in North America (except the one species in the C 
ton); 7 more began near the base of the Devonian, an 
began at the opening of the Carboniferous. This spt 
rapidity of appearance of new types at th« three per 
marking the beginnings of three geological systems point 
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f ume lime to the fact that these systems, which have been 
jgnized as well-established natural divisions in the gcologi- 
I scale o{ formations throughout the northern hemisphere, 
trc also distinguished at their beginnings by marked change 
\ the life of the world. Not only do new types of genera 
1 families appear, but even the specific types of a continu- 
li race of species express the changes incident to the open- 
g of a new period. 
Whatever be the explanation, these facts make it evident 
t the divergence of a generic type into different subgeneric 
was not by slow and accumulative process, but 
' by relatively rapid expansions, followed by the continuance of 
the types with gradual but restricted modification until the 
race died out. The divergence of these types from each 
niher was vcr>' early in the history of each race, and in the 
[resent case there was evidently a secondary divergence at 
:nc beginning of the Devonian, and a slight tertiary diver- 
^^-r^ee, in the Aperturati group, at the beginning of the Car- 
"■.inifcn>us, 

Charaeteriatiot of the Life-hiBtory of Atrypa reticnlarli. — 
.-.irypa rtticularU may be taken as an example of a species 
■•/hich exhibits scarcely , 
any trace of what has 
been called extrinsic evolu- 
tion, but has lived a long 
time, been very fertile, 
has been distributed all 
around the world, and has 
fhown its adaptability to a 
rcat %-ariety of environ- * 

i_ntal conditions, without Fio. i«.— a *. '<''»/rt rwfrw.Wf i.inn /■ = i">» 
;; any appreciable J*« '™^"^""' iawSMfilS''^™ Jwiil^^ 

■laical change. It mmi i'«de.i.iii i 
'. it li the initiation of the genus, and lived throughout the 
c-pcriod of the genus, which is almost equal to that of the 
ifly or suborder to which it belongs. The species has re- 
j X great many names, and been referred to many genera ; 
t the more careful the study applied to it, the more clearly 
i it appear that under all proper discTimma.tioa oC \ 
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identity there is under consideration but one species, though 
it is constantly variable. The species exhibits constant plas- 
ticity of several of its characters, but never reaches that fixa- 
tion into separate forms which has been interpreted as the 
result of the survival of the fittest by natural selection. 

Considerable and ContinnonB Plasticity of the Species. —The 
width and form of the shell, the number of the striae, and the 
concentric laminae constitute some of the more conspicuous 
differentiae of the various forms of the species; but, as David- 
son says, ** All these modifications can be traced in specimens 
from any locality." 

In Murchison's ** Siluria," (second edition,) is a remark 
regarding the species, so pertinent that it is worthy of quota- 
tion as it stands: ** Among the Mollusca nearly all the 
species of Atrypa^ Orthis, and Spirifer differ from those of 
the Silurian age** (speaking here of Devonian Brachiopods). 
*' One shell, however, \}[i(t Atrypa reticularis^ must be men- 
tioned as an exception to the prevalent rule of each great 
group being distinguished by peculiar forms; for this hardy 
species, with which the reader became so familiar in the 
Silurian rocks, lived on to the Devonian era, and is as com- 
mon in llie limestones and shales of Devonshire as in the 
older rocks. It even ranges to the farthest known geographi- 
cal limits of the Devonian rocks of Armenia, the Caucasus, 
and China on the East, and to the Devonian deposits of 
America on the West." 

Nature and Extent of the Variation. — The variations of this 
species interested the acute naturalist Edward Forbes, and he 
caused I 17 sjK'cimens to be critically examined and the ribs 
y.^{ each to be counted, and also the number of concentric 
foliaceous exj^ansions or fringes upon the surface. The 
number of ribs, counting those on old and young specimens, 
varied from ten to sixtv, but there was found less diverjjence 
in respect to the development and frequency of the concen- 
tric fringes. Ilisinger and Lindstroni, Davids<Mi, I^ronn, and 
McCoy, among the earlier paleontologists, agreed in consid- 
ering the forms with fewer and larger plications, called A, 
aspcra Schl. to be varieties of A. reticularis, but did not re- 
gard them as distinct species. Lindstrom observed ** that the 



llJsncan form ' ' varies like all those species lohich possess an e\ 
I teaJed iuirisOHlal and vertical distribution." Barrandc rccog 
I nizcd two varieties of the species var. VcrneHiliana and val 
I iimrtkisoniana. McCoy in " British Silurian Fossils," say 
I •• It varies, firstly, in the convexity of the valves, both as t 
I decree, distance from the beak (at which it is greatest), ani 
I Cqaality — some small varieties, and the young at all times 
I bavii^ ihe valves almost equally and evenly convex; secondl; 
I n/tTM. some, and particularly the young and small varieties 
I being nearly orbicular; others being elongate, .and ncarl; 
I triangular from the width of the hinye-line and narrowness o 
I the front: thirdly, in the number, thickness, and closeness o 
I the ridges and the scales which cross them, both of which ar 
I often smaller and closer than in the typical variety;" and Lind 
I ttrtm, speaking of the coarse-ribbed specimens in Gothland 
I Stys, " these variations are connected with the finely-ribbo 
I varieties by every possible gradation and intermediate shape. 
I These opinions were written by naturalists looking upoi 
I ^Kdes from the old point of view of immutability, but it wil 
be noticed that the testimony is unmistakable as to the grei 
range of incessant variation exhibited by the species. 

AU't Conunent on the Tu-iability of the Bpeoiei, — Jam« 

H&I1. the veteran American paleontologist, in one of his latej 

I and ripest publications,* speaking of the genus Atrj'pa, says 

•• Following closely the fbregoing diagnosis will result in eliir 

ioattng from this group the great majority of species passin 

ooder the name of Atrypa, and in retaining only those whic 

conform to the well-known A. reticularis, primarily in th 

Aructurc of the brachidium, and secondarily in the exprcssia 

I of the exterior. Such forms arc comparatively few t 

Btunbcr, and most authors have been disposed to regard thei 

as representing unessential variations from the specific tvf 

I of A, Tttienlaris. There is, however, a multitude of desij 

I nationA which have been applied to contcmponineous varii 

I tionv or consecutive mutations of this specific type, some 4 

ibcm unnccc5sar>'. but many very useful both to the gcologi 

I and the syslcmatist " (pp. 166-7). 
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^H The species, like the genus, ranges from near the baseol 

^H the Upper Silurian to the Waverly or beginning of the Car- 

^H boiiiferous age. "Almost coincident in time with the 

^H appearance of Atrypa reticularis, in Its typical aspect, nc 

^H find," writes Hall, " in the shales of the Niagara group shells 
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which are persistently small, with few and coarse plications, 

more or less distinct median fold and sinus, and strong con- 

l centric lamcllx. These shells have been designated a 

Atrypa rugosa and A. noJostriata Hall " (p. i?o): and tbc»e 
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^fitj-pcs continued on to the close of the Devonian, livingfl 

I together, but having an independent existence, and noS 

ling a completely specific differentiation till the close. S 

Ihcy are more properly claimed as varieties than as djgJ 

■ species, this being chiefly due to the maintaining ofl 

iiiility and the failure of disappearance of intermediated 

Ir-nns linking the extreme and typical forms, which thus aH 

tile beginning of the life-period of the genus quite fully exw 

pressed their characteristics. ^ 

In the Cloaing Fart of the Life-period of the Race the Extreme! 

Atceleration and Retardation Expressed. — In thi; i.ist few 

• the characters of .Atrypa have been described, and it was 

■\'~<X out that a certain part of the characters, those oU 

\,i:c\c% Atrypa reticularis and closely allied species, havd 

biied great persistence of variability. VV'c observed thafl 

s!>ccic5. or race as we may call it. began at the openin^l 

L' Silurian or possibly in the latter part nf theOrdovician^ 

- conspicuous in the Silurian and the Devonian, but ap^fl 

f*ars to have become extinct at the close of the Devonian.! 

At the close of the life-period of the genus the variability itifl 

rcsnect of rate and extent of bifurcation of the surface plica^l 

- presents a tendency in two predominating directions. 

' 'D the one hand, the bifurcation is rapid and extreme, and 

vhole surface of the adult appears covered with numerous-— 

plications : this would indicate rapid and continuousa 

■nation during growth, or the character of bifurcating o9 

;.;Iications shows, in comparison with ancestors, aatUra^k 

[f development. H 

' m ihc other hand, there is a well-marked variety whicKj 

[TICS sharply distinct from the others in the Neodevo-V 

-ind goes under another specific name, Alrypa spiuosa^k 

Ji shows the opposite tendency; the bifurcating has be^ 

. .almost hU. The adult shows no more plications thaifl 

the early fllage of growth at the distance of one-fourtlfl 

from the beak : this is an expression of retardation ofl 

: JiritcuLir element tn the growth of the shell. ■ 

-v.xaiBxrj. — To define precisely those characters which ai^f 

tillered in the above analysis, the following summary m^H 

■tem: In the geological scries of forms described Ofld^l 
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the name Atrypa reticularis and its varieties, there are ( 
served certain plications of the surface, of indefinite nu 
ber, and increasing by bifurcation. The variability or pi 
ticity is observed in respect to the rate and extent of 
bifurcation, which in the early and middle part of the li 
history is indefinite — i.e., there is in the species no fixat 
of the law of this bifurcation ; but gradually there is acqui 
a tendency to permanency in the two directions of {a) extre 
acceleration and of {b) extreme retardation of the rate of 
bifurcation in the development of the individual, and 
species which may be said to originate by this process, and 
be characterized by the different extent of bifurcation attain 
are thus gradually perfected (see Fig. 99). In a set of I( 
specimens examined by the author, a well-defined differen 
tion was noted ; the two species are so nearly distinct that 
found, by arranging the forms in order of their resemblar 
and difTcrences, that there are two well-defined groups, 
the intermediate forms, although they almost touch, are 
separate that careful study decides for every individual < 
on which side of the imaginar}^ line it belongs. Thus AtJ 
reticularis is an example of \Q.xy slow evolution. The far 
characters appeared well defined with the earliest represe 
tives of the suborder Helicopegmata; the generic dififerei 
were well elaborated at the first stage of the Eosilurian. 
species was among the earliest representatives of the gei 
and lived nearly as long as we have any trace of the gei 
But the great variability or plasticity of certain charactei 
a peculiar characteristic of the early forms up to mid lif 
the genus, and might be called a specific character, and 
fixation of this variability is very slowly assumed. 

GonclusionB Suggested by the Study of Atrypa Eeticulari 
Natural selection is supposed to result in the fixing of vari; 
characters, and the failure of natural selection to select wc 
naturally result in a continuation of the variability. I 
rational to conclude, therefore, that a species which contii 
to live without fixing its variable characters is particul 
well adapted to live under a wide range of modified conditi< 
The wide geographical distribution of the species here ur 
co/).sidcration confirms this conclusion. That a species c 
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b out in course of time is illustrated by thousands of species 
■ich arc represented abundantly in the rocks of some par- 
tular period, but thereafter are never seen again. Vatia- 
liiy in ontogenesis is a necessity of living at all. The organ 
pich in its minutest characters has ceased to change, has 
] to live ; and if we extend this generalization to the law 
Iphylogeny, we might expect to find, not a uniform, contin 
•> evolution along all lines, but pulsations, so to speak, in 
t activity of phylogenetic evolution of organisms along each 
Taken as a whole, doubtless there is a gradual read- 
King of parts; but each part is temporary, and is displaced 
r another. So long as great flexibility of any particular 
racter, or set of characters, prevails, there will be rapid 
»rance of new forms; but after their initial appearance, 
e repeating of the characters by natural generation will tend 
I their fixation, and with the limitation of adjustability to 
bnronmcnt there will result death upon the slightest mal- 
IdjuBtment: thus, as the variability of the species becomes 

■ and more narrow, the conditions under which it can 
'flifive become more and more restricted, and the final result 

must be extinction. 

Whenever the action of heredity becomes restricted — that 

I*, when sterility limits the range of variation within which 

>;encration is possible^this condition of fertility must work 

|, toward iht final extinction of the race. Thus, according to 

■^ri* theory, if a species be found breeding perfectly true, we 

^^6n conceive it to have reached the end of its life-period, and 

^^Bcly soon to become extinct. The theory in this ruspect 

^^■R be tested by the facts; and although statistics as to the 

^Htual fact on this particular point arc wanting, it has been 

^Hequcntly noticed in fossil species which have been care- 

hiUy observed by the author that it is a conspicuous law, that 

m respect to those characters which serve as distinctive marks 

■A species, there is greater general variability in the early 

: il; - 'if the life of the genus than in the later stages. The 

■ . ing fact is an expression of the same law, viz. : the ^e- 
ci'^ Incurring at the early stage of a genus are generally o 

jficult to separate, and there are more intermediate | 
tony eoriier than among later species o( a %et\us. 
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examining and tn-ing a number of hypotheses to account for ^ 
these facts, the following definition seems to be fairly satis- ^ 
factory- : The s/H'cies in its specific characters shows a greater 
tit^ree of z-ariabiiity or plasticity in tlu earlier than in the later 
stages of its history, 

Atr\-pa was an illustration of the remarkable continuance 
of the stage of plasticity, but we observe that the particular 
limitation of range of the plasticity became thereafter a 
specific characteristic of the race. The greatest and the 
least number of plications attained by any representative of 
the genus are probably met with within what has been called, 
in a broad sense, the species Atrypa reticularis. Another 
law of specific modification is seen in the gradual narraiving 
of the limits of the plasticity — one series concentrating about 
the forms with few plications, the other series concentrating 
about the forms with many ; — the one expressing the law of 
retixrdation of growth for this character, the other the law of 
acceleration for the same character. 

The Initiation of the Species of Ptyohopteria. — Ptychopteria * 
is a remarkable instance of variability among the initial rep- 
resentatives of a vTcnus. The case is as follows: A srenus of 
Lamellibranchs, havint^ some well-defined generic characters, 
is first seen in the upper sandstones of the Xeodcvonian in 
Western New York and PennsNlvania. A few years acfo 
the genus Ptychopteria was defined and figured by the 
New York State Geoloi:jist,+ and nearly a score of species 
were described from different localities and, possibly, different 
geoloLjical horizons. About the time of the publication of 
the species a block of sandstone, about a cubic foot in size, 
was found in Chautauqua County, fallen from a ledge of the 
Panama sandstone, containing many hundreds of specimens 
of shells of this genus. These were carefully collected, 
sorted, and classified according to the characters by which the 
several species defined by Hall had been distinguished. An 
analysis of the species already described showed the following 

*The facts of the case vvcrc briefly aUuded to in a paper "On Devonian 
L;iniellil>ranchlates and Species making/' — referring to species which paleon- 
tologists make, and not lo the origin of species. Am. Jour. Sci.^ vol. x.\.\n» 
p. 196. 

t Paleontology, New York, vol. v, "Lamcllibranchiata." 
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I be the distinguishing differences: the chief of them were 
ain surface markings, the prominenct; and the angle formed 
i the shell along a line called the umbonal ridge, the 
bIc formed by this umbonal ridge and the line of the cardi- 
i margin, aiid the contour shape of the shells. A careful 
(Uy of the characters exhibited by all the known species 
s made, and instead of finding the new specimens to reprc- 
kt a new species, they practically represented the whole 
Every specific character which was described for the 
I species was expressed in a series of 32 specimens. 
■c feature, of great importance in producing the shape of 
c shell, is the angle formed by the umbonal ridge and the 
[c-line. This character varied regularly in the series from 
B than 30° to over 60°, and these were also the limits of 
ttcrcnce in the described species. The geological horizon 
1 vhich this set of specimens occurred was probably the 
(west in which the genus has been seen. The specimens 
slightly smaller in size than most of the species de- 
bibcd from other regions, but the uniformity in size and their 
currcnce altogether in a single block of stone, well pre- 
] as originally imbedded, are proofs that the specimens 
very closely related genetically, and were not very far 
rated from a common ancestor. The variations may be 
j^Nsumed to have been pure variations, in the strict sense of 
Jic word, that is, of common origin and possessing common 

^H This series seems to admit of only one explanation for the 

^^Hgin of the several species of the genus Plychopteria- — i.e., 

I the fixation, by isolation or subjection to various conditions of 

environment, of the variable characters of the initial stage of 

the genus as it appeared in the Panama sandstone. 

The Law of Progrcsaive Evolution of Hammals as Formiilat«d b; 
Oaborne. — The force of the tvidcnce of Urachiopods may be 
weakened in the minds of some by the consideration of (he 
f low rank of these organisms in the Animal Kingdom. 
■t the same methods of minute analysis lead to like conclu< 
% in the study of mammals, the highest type of organic j 
Professor H. F. Osborne, at the conclusion of hisl 
EBtaddrcss, as Vice-president uf the American Aasociatiofll 
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of Science, on **The Rise of the Mammalia in North 
America,"* in which, a minute study is made of the law of 
evolution as expressed in the teeth of mammals, says: *' The 
evolution of a family like the Titanotheres presents an unin- 
terrupted march in one direction. While apparently prosper- 
ous and attaining a great size, it was really passing into a 
great corral of inadaptation to the grasses which were in- 
troduced in the Middle Miocene. So with other families and 
lesser lines, extinction came in at the end of a term of devel- 
opment and high specialization. ... A certain trend of de- 
velopment is taken leading to an adaptive or inadaptive final 
issue ; but extinction or survival of the fittest seems to exert 
little influence en route. The changes en route lead us to be- 
lieve either in predestination — a kind of internal perfecting 
tendency, or in kinetogenesis. For the trend of evolution is 
not the happy resultant of many trials, but is heralded in 
structures of the same form all the world over and in age 
after age, by similar minute changes advancing irresistibly 
from inutility to utility. It is an absolutely definite and 
lawful progression. The infinite number of contemporary 
developing, degenerating, and stationary characters preclude 
the possibility of fortuity. There is some law introducing 
and regulating each of these variations, as in the variations 
of individual growth.*' f 

* Am, Jour, Sci.^ vol. XLVI. pp. 379-392 and 44S-466. f pp. 465, 466. 
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ATE OF MORPHOLOGICAL' DIFFERENTIATION ] 
A GENETIC SERIES: ILLUSTRATED BY A STUDY OF 
THE CEPHALOPODS, 

Ths Sridence Furnished by the Cephalopods. — Having used 

Juopods for what they are worth towards illustrating 

e laws of evolution, another group of organisms may be 

mined in the same way. to ascertain what they testify 

tling the same points of history. 

I Cqjhalopoda present some general peculiarities contrast- 

g Uicm with the Brachiopoda. The Cephalopoda are con- 

i on a plan which is shared with two or three other 

! groups of organisms. The class Cephalopoda is, with 

rupoda and Lamellibranchiata, and, according to some 

rs, Pteropoda, only one of the classes of the branch 

Uitllusc-t. We are able, therefore, to distinguish its class 

.-idractcrs from those of closely allied classes. This we 

tjuld not do satisfactorily with the Brachiopoda, which stands 

Jt sharply distinguished from all other classes of organisms 

:r:.m the earliest geological time. We find the first traces of 

;hc Cephalopoda above the first, or Cambrian, period, i,c., 

vc have a well-defined fauna in which no Cephalopoda 

existed, so far as our records testify. 

LaakesMi's Schematic Kollnak. — In attempting to introduce 
.' beginner to a knowledge of the Cephalopod mollusk the 
' thod of Lankester, so admirably expressed in bis article 
'Mollusca" in the Encyclop;edia Britannica, and aftcnrard* 
feliahed with others under the title " Zoological Articles* 
L" presents some excellent features. 

\ Ptxifasor Lankcster constructs a schematic mollusk u.^ 
utted in Fig. loo. 
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This schematic mollusk possesses "in an unex^erated i 
form the various structural arrangements which are more or 
less specialized, exa^erated, or even suppressed in particular 
members of the group." It represents, as near as our knowl- 
edge will enable us to do, the actual mollusk ancestor from 
which the various living forms have sprung, and therefcre 
does not represent any actually living species of mollusk. 
However, the accuracy of the schematic type is evident when 



h «*, 




, , (After 

n nf nuntk ; 4. marsin □( (facll : r, edge n[ body ; 



WO .(ttcmpt to compare with it a living specimen of some one 
spooios iif mollusk. 

It is an attempt to give form and definite relation to the 

ti.Tins of a systematic definition of the characters of the 
branch Mollusca. In his diagrams of a series of mollusks the 

s:ime method is used to give formative expression to the 
characteristics of the several classes. 
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The value of this representation for our purpose is tO' 
' the extent of structural elaboration which the evolution 
brganisms had actually reached at the time when we first 
i-ith a representative of the class Cephalopoda. 
J Supposed Characteristics of the Primitive Uollusk. — In this 
vliest moltusk bilateral symmetry was fully developed. The 
■vous system was expressed in bilateral pairs of ganglia and 
The organs of sense were in pairs : two eyes and two 
cysts were present. The body form was normally sym- 
krical, its spiral coiling or one-sided development coming- 
\ specialization of growth. The cephalic is sharply distin- 
Ished from the visceral part of the body. The shell is 
tociated with the visceral part, and is not auxiliary to the 
pctions of motion, but is protective in nature. The head — 
* anterior part — is distinctly connected with motor functions ; 
and organs of the motor and sense functions are separate 
and widely differentiated. Motion is elaborated into distinct 
oi^ans for offence and for prehension. 

The alimentary function is dominated by a single central 
canal, with an anterior mouth, about which are the accessory 
organs of excretion (nephridia or rudimentary kidneys), and 
there is a circulatory system, with a heart and a pair of auri- 
cles and one ventricle. Locomotion is a conspicuous func- 
tion, and the presence of an enlargement of the mantle as a 
toot-organ is one of the most characteristic features of the 
mollusk. 

The differentiation of this foot-organ is also one of the 
most fundamental of the characters distinguishing the classes 
of Mollusca, and the adaptation of the part to special modes of 
locomotion was developed at a very early stage, as indicated 
by the presence of distinct Gastropoda, Pteropoda, Cephalop- 
oda, and Lamellibranchiala at as early as Ordovician time. 

Differentiation of the Foot-organ in UoUaikB. — This dif- 
ferentiation is represented in Lankester's diagram of a series 
of mollu.<iks to show the form of the foot and its regions, and 
the relation of the visceral hump to the antero-postcrior and 
dtirso- ventral axes {Fig. lot). In these figures are seen the 
imple continuous flat foot of the Chiton (i), or isopleural 
■.i>tropod, which retains the bilateral structure of the priml- 



: mollusk. In the Gastropoda anisoplcura, or typic 
-opoijs, the specialization does not greatly affect the ffid 
iwhich is still symmetrical and occuplas similar rclatiotu < 
ffhc rest of the body ; but the twisting of the body coincident I 
with the spiral shell which is developed as a cover, aRcct^ the I 
proportionate size and vigor of the organs on the two sidct. \ 
> that the organs arc in fact not strictly symmetrically 
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dull (3). The Pteropods have the foot modified for free 
hwimming into two lateral dappers orwing3{FIg. 10 1, (4)), and 
■he Cephalopoda proper have the right and led lobes, corre- 

^onding to ihc wing- expansion of the Ptcfopods, folded 
kinder to form a funncMike tube or siphon, which accom- 
nlishcs locomotion by forcing water outward and forwardi 
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tior part of the foot being differentiated 

bspiog organs auxiliary to the mouth functions. 

I The specialization of the tubular mode of locomotion an3 

p differentiation of the fnot into a funnel and tentacles are 

ractcristics of this highest type of mollusk; and its relation 

: Ptcropod wings is seen in the fact that in the Dibran- 

latc order the lateral lobes are fused together to form a 

I tube — tlio siphon, while in the Tetrabranchiate order 

: are only brought close together, and not fused into a. 

ktinuous tube. There is also the differentiation of distinct 

rimming dappers in some of the Di branch iates, in addition 

f-5 the siphon, which is spccialiied as an organ for distribution 

; ink into the water, and by darkening the water compcn- 

-xXcs for its slow rate of escape by locomotion from any cause 

i t danger. 

The Stmctore of tbe Cephalopodi. — Although the purpose 
[ this volume does not include the detailed description of 
rganisms, a better understanding of the remarks that follow 
:.ay be reached by a brief review of the essential structural 
iemcnts of the Cephalopods. For this purpose the following 
anslation of extracts from Zittel's description will be useful, 
^:id for further details the reader is referred to his excellent 
Handbook of Paleontology.* 

FwsT Omowt, TeTSAiiRASCHiATA. — Cephalopods wilh shell: turoisheil 
•Ilk fuor branching gills, or branchisc, fimncl (orfned by union of iwa 
!-*bei uf foul, bul HQt permanently united; no ink SRC or pouch. In the 
Uce ut armt. numerous tentacles, slender, elongated and without suck- 
-n fit botika; shell chnmhered. 

ri/.lwi-ia/— Alllbnt weknowof iheorBaniiaiionotihcTelrabranehl- 
.-i-l upon ib« genus Nautilus, the only une uf the order now Llv- 
!;f II of whith is seen in must museums: but the animal Is very 
! lias been seen alive in only a tew instances. The animal uccit- 
L.>| rhumtier cil ilic shell, with the ventral «ide turned outward 
i;; of the «hcll thus being tonard the dorsal side); the body w 
iliick; the head leparaled from (he trunk by a sltghi cunttric* 
-..hcc of armf, Bbout ninety contrai'tile till form tentacles inscrlvd 
ii.tT sheaths mrtound the mouth: they are grouped In *«v- 
Irs, and in an order a Utile dllTcccnt In the male and female 
>l1cs situated aa the dorsal side are soldered together to 
tiEck muscular lobe nhich <aD close the ojiening nf the shell 
' ' I' Animal haa withdrawn into the last chamber. The funnel !■> a 

* " tlandlHRb der Palvonlologie, t. AbtheUunc- Pa!*cuiK<i' 
A. ZituA. wX, II. 1881-1885. pp, sja, «te. 
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:uUr fold, vt whkb ihe «sterrial bof4«ri >» ^ 1 
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,catnspoai to the foot d[ ihc Gastropod. Ai the baseafihcli 
icauclu ia foaod oo e»th side a large eye. wUh short ptdti 
midst ol the ctonn ul tenuele* is simaied the buccal (miittlh) t 
inded bj Ukk wafls. nilh a fleihy tongue, the tool of which i» 
poaed ot nany s«Hcs ut pUles and h«oks. The jaws, of extntuidioir; 
suvfisili, rmll in lima (he beak of a pairol. The Urga branchia. U 
^Its. aic (oBinl ID two purs at tb« base ut lbs lannch they peactitte 
frrel; into the mpiraiorr eatity: briwccn these open tlic nils) utihtt 
■aad a little further back, the organs «( generation. 

The r*«piralory cavity and head ore coTcrcd by a thin lolie or tnamlL 
«sp«ciatly dereloped on the rentral side, and secictiog Ibe shell ol tilt 
outer cbaubei. 

The animal is attached lo ihe sli«0 fay a powerful musclv of oval torn, 
plac«d bcluw the cyc». nod tnseited on the inter nal wall »( the Ctoabct 







of habitation, vhete U leaves slight Impressions. From the i 

Bposieriat exiremily of ibc onitnal prncecds a membranous hollow cord. 

■ jth bluod-vescels. the Sipbon. wblch passes by a rounded 

niugh the last pariilion-wall into the chambered part ol the 

|phetl.andcontlnucs thus Irian unintcrrupied manner luihs initial chambrr. 

Tkt S»fll.—Uy the Iniernal i-hamlKrint! or patlltintllng of the shell 

which is cbaracicTiMic ol iheiti, the shells of the TetfabranchUtK 

c distinguished from all the shells of Uulluscu hlihcno considered. The 

t. distinguished by its Kreaicr capacity, serve; a& the chamtier of habl- 

atlon (or the anltna): all tbr rest 'it the shell is divided inlu thamben' by 

: panltlons, called Septa, which succord each other at rvgnUr 

The rhambcts are 6llcd vlih air (gas), and united lofiothar by 

c Siphon. The exterior lonn of the shell presents enirarirdinary waria* 

in; in Ken^rol- '■ ^'V '■*' cunsidcred as a ■intighi conical tul>c, aug* 

enllnK little by Ullte In ihkknEM, which cimtinues to incurve. sametinMa 

■ »t» lghi line, and iiftcii in a curved line. Tlxre arc, consei|U 
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■hells of straighl. staff-like form {Orthocer. 
curved (Cyrtoteras, Fig, 104), hooked (Ham 
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Fig. io6t, c 

Fig. 107). If ihe I 
in the same plane, 
disk-formed (Clym 
iles); if Ihey turn 
coidal (Coclilocera! 



Fig. 103: Baculif m). stighi) 
niles, Fig. loj), spirally cnrotlt 
T of a snail shell (Trochoceru 
of the spirally erirollcd lube ir 
touch each other, the *t*\\ t 



ia, Tro 



•: NauiUui 



:n form of a screw, the *hcll b III 
, TurriUtcB. Fig. 108). It ii not n 
elongated in straight line, anil i. 
it of the anterior by enrolled tpitU 
curved still more tloitljr la 
Ihe form of a hoolc (Ancylocerss, Mac roseap biles). In 
many of the shells spirally coiled in (be same plant ihft 
last mrn encloses the previous turns either eoliftlror 
in part. If Ihia envelDprnent goes so tar that ibe pi 
ceding turns are entirely concealed, and thai only Itii 
last one remains visible, the shell is called involute. If 
Ihe older coils are still visible in the centre, ibere ii 
then an umbilicus, and according to the degree of i» 
volution the shell is said to have natrow or broad iu» 
bilicus. In the evolule, or open spiral, Ihe turns do not 
touch each other so (hat one can see between then. 
" ■ tai»ii"^i./d''Orb." their ornamentation also the shells of TetrabranchUla 

show considerable diversity: on the one hand there •! 
forms of which the surface is covered only by fine siHb: oI groirib, aa 
on ihe other arc forms presenting a rich ornamentation of tbe sulf*(*. 
The surface markings are smooth lines, punctate, granulate, 
or less prominent lines, foliaceous excrescences, rings, protuberadoe*, 
simple or bifurcate ribs, tubercles, or spires, isolated or arranged in 
series. The ornaments which follow the general direction of (he loagi 
tudinal axis of the whorl go under the name of longitudinal or spiral 
sculpture, while those which are arranged obliquely, or at right I 
to these, are called transverse or radiating ornamenlalions. 

The position of the animal of the Nautilus (sec Fig. tost otters the onlf 
good evidence by which to orient ihe shell of the Tetrab ran chimes A» 
it turns the ventral side of the animal outwards, R. Owen bal dcstgna 
the ejtlernal or arched part of (he shell, the ventral side, and the op 
site internal pan, the dorsal side. All the ancient authors, who uc 
pied themselves exclusively with the shells, called, in the spirally ca- 
rolled forms, the external side ol the shell back, and the iniemal fids 
Ihe ventral side of the shell. According 10 Barrande, the external arched 
part of the Spirally twisted fossil forms docs nitC always c arret pond H 
the ventral side of the animal: the convex ventral side of the shell U d 
linguished, particularly in the Nautilus, by a depression of the bucMl 
border. It is admitted, therefore, that always where such « » 
in the buccal border it indicates Ihe position of the siphon. 
quently the ventral side ol the animal. According to Barrande, the siavl 
is found frequently in fossil Naulilids, sometimes upon the extettt*! 
arched side, comellmcs upon the concave inner side. There arc lb( 
evidently, exogastrlc and endogastric shells. In Ibe majority ot th* \tm 
shells of Cephalopoda, and particularly in Ihe Ammoniies. data arc VH 
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^iat dedacfng the ofganizaiioo of the animal; in that case the terms 
kiul side and external side are used, which prejudge nothing. A 
Kical line mnninK from the external to the internal side gives the 
pht; ■ »ocund line, perpendicular \o the preceding, gives the breadth, 
ickne«« ol (he turn. 

e shells, the growth, as nas first recogniied by Reineckc, 
I Uler vcriAeil hy Leop. vod Buch. tabes place according In ■ definite 
nd Naumann show that tbc law ai growth cortespunds to 
[ariibmic spiral; consequently, the height and breadth of all the turns 
Bin itie same proportion; the quotient of the height of two successive 
I givea the rate of growth of the mouth in height; lb« quotient of 
I corrcaponding breadths gives the rate of increase in breadth; the 
fimttX u( the diameler of the entire shell by the height of the last turn 
Hte of growth of the discoid (Scheibeniunahme), The 
UuUllons of Moscley and Naumann were afterwards confirmed by G. 
n^bergcr and Grabau. 
The coDstitution of the internal partitions (septa) which limit the differ- 
m ■ir-chamlicrs lb of considerable importance. Their number varies 
■ tCUaonlinarity in the ditlerenl genera and the different species, but it ii 
t constant in one and the same species; they are at increasing inter- 
la (rum each other, according to law, proportionate to the growth of the 
I, uid It ii only the last two partitions (septa) which precede the Gnat 
vhicb are at a somewhat less distance apart. Probably all the 
>en have succcMivcly served as dwelling-chambers, and it is only 
r • new partition was formed that it was transformed into on air- 
was no longer in communication, except by the Siphon, 
k tti« \*n chamber. The mud and the sand were not able, generally, to 
nmc tnio the Interior of the fossil shells when they were buried in- 
X, exce(>t in the last chamber, or by the siphonal opening into the last 
Icktmbct only. This is the reason why the chambers are very often 
>ck, but are coaled or filled with crjrstals of calcite, of 
fBkrtt. of pyrite, of celestite, of barite. etc., which have been precipi- 
tate!] fiDin the infiltrated chemical solutions. 

Th* llti' of atlachmeat o( the partition to the internal wall of the shell 

(Al2cd (he Sulur/. (See Fig. 97. p. 106, and Figs. 119-11S, p. 34ft.) Il 

1 luit exteriorly visible unless the shell is removed or dissolved, k 

■era mt>r« distinctly on the fossil moulds, in which the shell la 

In the Nautilus, and in many of the shells of fossil Teira- 

■ Ihe ccpts attach themselves to the internal surface of 

! y a slightly arched suiurut line. Moreover, very often the 

- luiuTc. on account ol the undulating curvature and a flui- 

- septum, acquires a high degree of cutnplication icseinblirig 

ni; of moss, There are all degrees of variation from line* 

i-Tiple to those most complex. Besides, as the lines have essen- 

.imc Htnuoslty f»r all the specimens of one species, and on the 

: <iw dtflerences iiulic striking in difletcnt Spvcies and aeparace 

iiry (urninh ihu* one of the most Important syftetnalk char- 

I. tbc NaulilidiF the lines of the sutures are generally almitl^ 

.. , --,, tn the Ooniatitet and Clymenias [Fig. tu) the iinit"i"'i" ■ -t-.' 

iiii«<I tuture forma prominent laddUi before and curved >i 1 

.iilc<l Met. A Uler differentia lion is met with In ibe <- 
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[ 
(Fig. 114), the lobes being denticulated by secondary notches. In the Am- ' 

monites (Fig. 115) the saddes also, as well as the lobes, are denticulated 
in the most varied manner, notched, cut, or ramified, in form of branches, 
or foliated. The curvature of the suture line, as well as the formation of 
the saddles and lobes, takes place symmetrically in such a manner that 
a median line in the direction of the height divides the turns into two 
equal parts. The exterior lobe is called the external or siphonallobt, 
when the siphon is on the exterior side. For Leop. von Buch it is the 
dorsal lobe, because he called this the back of the shell, but for recent 
authors, who consider the external side to be the ventral part, it is the 
ventral lobe. The opposite unpaired lobe is the internal lobe (or, accord- 
ing to opinions, antisiphonal lobe, or dorsal, formerly ventral lobe). Be- 
tween the two are found the lateral lobes and the lateral saddles, situated 
on the body of the whorls, and the lobes and saddles concealed between 
the line of contact of the contiguous whorls and the internal lobe: among 
the former, the saddle which is found on the side of the external lobe is 
the external saddle, the two following are the first and second lateral sad- 
dles; all the others, up to the line of junction of the two whorls, arc the 
auxiliary saddles; near the internal lobe is found, generally, an internal 
saddle, which is distinguished by its size from the other concealed internal 
auxiliary saddles. For the lobes, the first lateral lobe is that which is 
between the external saddle and the first lateral saddle; the following 
one is the second lateral lobe; all the others are called auxiliary 
lobes. 

The beautiful researches of Hyatt and Branco have shown that the 
complicated lines of the suture of the Ammonites do not attain their normal 
form until the animal has developed a greater or less number of the cham- 
bers. The first sutures of all the Ammonites are always as simple as those 
of the Nautilida?, Clymenias, or (loniatites (Figs. 112, 116); it is unly little 
by little that the undulating lines become marked by secondary notches, 
and the complication of the line of the suture proceeds always from the 
exterior to the interior side. The complication of the suture line — which 
auijnu'nts with a^e, so that the young sutures, more simple in Ammonites, 
rcst'inble those of the geologically more ancient Goniatites and Nautilidae, 
— shows, i)rol)al)ly, that this differentiation indicates at the same time a per- 
fection of the organism. It is truly difficult to discover wherein this con- 
sists. It is possible that the strongly ramified borders of the septa serve 
to increase the solidity (firmness) of the shells; for. in general, the shells 
of Naiitilid.T, provided with simple suture lines, are considerably thicker 
tlian the shells of Ammonites — ordinarily as thin as paper. If one breaks 
cautiously, little by little, the enrolled shell of a Tetrabranchiate, there 
are distinguished the first whorls, and finally also the initial chamber of 
the wholtr coil. In the f(issil evolute, or baculiform, shells this first cham- 
ber is, ordinarilv, abbreviated or broken, and it is exircmelv rare that it 
is preserved. 

A( < ording to Harrandc, Hyatt, and Hranco, there are tw<i kinds of initial 
chambers in the Tetrabranchiates which can be distinguished by funda- 
mental characters. In the Nautilus, and many of the paleozoic genera, 
the initial chamber is in the form of a truncated cone, slightly arched or 
straight, enlarged in front; upon the posterior convex wall, which termi- 
nates the truncated cone, is observed a depressed cicatrix, linear (Nau- 
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B), drcnlar (Cyrloceras), elliplical (Trochoceras, PhraKniocus), or some- 
w crncUorm. 

! initial chamber uf Clymeaia, Lhe Goniatites, and the Ammoallca 
i> foimed in an entirely different manner. In all these Itils spirally en - 
-<i:c(l chamber has a resiculous. spherical, ar ovoid form, generally a 
. ile depressed and transversely striaied; no scar or impression has been 
tr.'t. »iih. and the siphun begins at lhe aolerior wall. It is not prubabte 
' Kii the initial chambers of the form of a truncated cone of the Nautilids 
jTi kumulugous vitb the spherical enrolled initial chambers o( the Am- 
^■~ialliil>; on ibc cgntrary. the presence of a cicatrix makes it probable 
tUi this impression represents cither the point of attachment, or the 
opcoiD); of communication, closed at a Inter stage, of a frail vesicle, per- 
Wp> membranoas. which corresponds with lhe initial chamber of the 
Ammoniies. According to this view, proposed by Hyatt, the initial cham- 
hi ul the Kautilidx should be equivalent to the second chamber of the 
Ronialtles and the Ammoniles. 

The Siphon is a tubular prolongation of the skin of the posterior par-. 
^t the body ; It traverses all the chambers, and in Kaulilus begins under 
he [niBi 111 a closed tube covered with nacre, in the Initial chamber, oi 
i-mcalcd cone, where it touches the internal posterior wall at the same 
lice, where eileriorly is seen the cicatrix. In the Atntnonties and the 
'itia tiles lhe siphon bceins with a spherical swelling situated imme- 
:'jlely brhind the anterior wall of the initial vesicle (nucleus), conse' 
;j*tillr perluratlnf; only the first septum, without penetrating more 
crply into the chamber. According to Hyatt, the pari of the siphon 
peartrattng into the embryonal chamber was, in general, only a depression 
of the first partition. Munier-Chalmas has observed in (he Ammonites 
ap«rticntar prulongniion of lhe siphun in the initial chamber which oDghc 
1>hftv« TCpUced the true siphon in i 
Odirytnik since: this prosiphon, as 
call» it, is atlach«d to the siphon, which 
bcftea \a a rellccled cul-de-sac, anc 
»iil' variable in form, ]t forms sor 
t:;Lliirged membrane, somelin 
< I' -^\ tube; the prosiphon does 1 

.iiicaie with the siphon, prop- 
.-■■ng. 

tccont Nautilus the siphon is 

uiil memlirnnous lilbe covered 

' liy a ihin costing uf brown 

iiJiy. turroed uf fine calcareous 

;■.! lhe Ammoniles (see Fig. loi) *'°^^^7,^' ' ';.*ilS 

'.<>r calcareous envelope seems c<,iU' •< ' !'-•■- 

1 a more substaniial consist- !rwn^-<i i -i^vio 

■■-111 llie siphon is enclosed in a '*•'• ■'""' '■ ■ . ^_ , i..in»i« 

' I'.areoastubc. It is necessary 

' use Ibis envelope of the siphon itself wilh that which Is called 
'III collar, which is met with always where the siphon pcDetralea 




The alpbonal colUr (Fig. 109) is a leHection or prodqctloB ^ the ■ 
■a ol greater ur less length, ilireclcd, gcoerally, ia NautnuSi *""^"" 
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and in Ammonites forward, and possesses the same structure with the 
septum. Ordinarily, the siphonal collar has only short length, and forms 
in front and behind the septum a sheath in the form of a band or collar 
about the siphon; but, sometimes, they pass from o^ie septum to the other 
and form there a close continuous tube, or they have the form of an open 
funnel, slightly contracted behind, and prolonged to the next following sep- 
tum, or even go beyond it, thus implanting themselves one within another 
(telescoping, Endoceras). The siphon is found in the median plane of ihe 
shell, and it is only exceptionally that it deviates a little from this plane. 
In this plane its position vacillates from the external side to the internal 
side in the different genera and the different species. 

In the Ammonitidae it is constantly on the external side of the shell- 
In the Nautilidx its position does not remain constant in one and the 
same genus : it may be external, internal, central, or intermediary. 

Numerical Rate of Differentiation expressed in Terms of the In* 
itiation of New Oenera. — A study of the statistics of classifi- 
cation in relation to time will exhibit in this, as it has in 
previous cases, the grand features of the historical differenti- 
ation of the cephalopods. 

First, we may consider what are the conclusions to be 
drawn from the succession of new genera as to the rate and 
order of the differentiations of the class Cephalopoda. 

The classification itself is expressive of differentiation, as 
has been alreadv observed. The division of the class into 
two (Orders is expressive of a ver\' marked differentiation in 
structure. The ^enus is a jj^roup of organisms with the same 
ordinal and family structure, but exhibiting some particular 
chtiracters, such as shape, relative size of parts, or special de- 
velopment of some i)art, which are the same for several dif- 
ferent s[)ecies: hence we recognize the number of genera to 
be a numerical exj)ression of the amount of differentiation 
attained in the family at any particular period- of time, and 
the greater the number of genera in a particular family, at a 
particular time, the greater is the amount of differentiation 
exj)resse(l in the family-history at tliat period, and the 
numhrr of genera beginning or living in each period becomes 
a rough indication of the rate of expansion or evolution of 
the race untler consideration. The total number of genera 
in the order Tetrabranchiata is 123 (Zittel). Two grand 
subdivisions of subordinal rank are made, including, respec- 
tively, Nautiloidea 29 genera, and Ammonoidea 94 genera. 
28 genera of the 29 Nautiloidea had appeared in the Silurian. 
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One genus, Aturia, is considered to be a distinct new genus 
>A the Tertiary : i6 genera were already well exhibited in 
the Lower Silurian, or Ordovician. Only 8 genera lived 
into the Devonian, only 5 to the Carboniferous, and but 2 
(Orthoceras and Nautilus, the perfectly straight form and the 
tightly coiled form) survived from Paleozoic into Mesozoic 
time. 

The other suborder, Ammonoidea, has 94 genera; of 
these, one genus is kno^n as early as the Silurian (Goniatites), 
one new genus (Clymenia) was added in the Devonian, and in 
the latter part of the Carboniferous 5 more genera were initi- 
ated. Of the rest, all appeared in the Mesozoic, 41 genera 
beginning in the Triassic, 28 new genera starting in the Juras- 
sic, and 18 new ones appearing, for the first time, in the 
Cretaceous. Not a single genus of the whole suborder sur- 
vived the Cretaceous period. Thus the Nautiloidea are 
peculiarly Paleozoic in range, although there is still living the 
_:.nus Nautilus, and thii Ammonoidea are peculiarly Mcso- 
/ 'ic, and every genus of this suborder is now extinct. 

The other order, Dibranchiata, is less capable of showing 
its history: the hard parts were of inferior character and less 
in proportion to the fleshy parts, and upon the death of the 
animal were much more likely to be destroyed ; 33 genera are 
known, and a!i are Mesozoic, or more recent. There were 3 
genera in the Jurassic, 15, Triassic, 8, Cretaceous, 10, Ter- 
tiary- and 3 now living. 

Second. The lesson, regarding the evolution of the ordinal 
and subordinal characters and their generic expansion, which 
wc derive from these statistics is as follows : 

Kate of Differentiation of the Suborder Haatiloidea. — The 
N^utiloids (Orthoceras, Nautilus, and their kindred genera) 
1*1 appeared in the Ordovician. Before the close of the Silu- 

1 this type had reached its fullest expansion, and began in 
I very marked manner to drop out of the race; 5 genera did 
survive from Ordovician into Silurian, and of the 22 Silu- 

n genera only 8 survived into the Devonian. Of this type 
Mictwo genera to live the longest were Orthoceras. the simp- 

t Gxpirssion of the type, and Nautilus, probably the most 
intjated ; and the latter continued to live u^ t.o y''*^^^'^'*- 



338 GEOLOGICAL BIOLOGY. 1 

time. At least, of the structures preserved to tell us the l- 
story these two are the extremes — one, Orthoceras, a simple t_ 
slender cone, straight, and with regular septa dividing it into - 
chambers, and with a central siphuncle; the other, Nautilus, 
a closely coiled disciform shell, with siphuncle also central. 




fir.. iTD.— ThMTTliewcIlonxhrough th 

outer chamber large, and whorls with ventral side out. The 
two features which best express in these shells the amount or 
degree of differentiation are, the amount and direction of 
the curvatures of the shells and the position of the siphuncles. 



:| 
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I TTw characters which serve most readily to distinguish th 

I Ammonoids from the Nautiloids are the sutures. In tli 

B Kautjioids, above described, the suture is always straight, O 

I but slightly cur\'ed. In all the Ammonoids th< 

H more or less lobed or notched. 

I Xode of Curvature of the HantUoid Shell. — Third. Befor 

■ considering the Ammonoids, we may notice the law of varii 
H bon expressed by this curvature of the shell. In the Niii* 

■ tiloids there are four types of form expressed in the dircctioi 
I of growth of the cone: 
I I. The shell is straight, or nearly so {see Orthoceraa 
I Fig. no, F). 

I 2, The shell is simply arched (see Cyrtoceras, H, I, D). 
H 3. The shell is discoidal, rolled in a spira! in singli 

§». 

I (1?) This spiral may be loose {C or /, Gyroceran)Ji 

H (t) or close-coiled, (Goniatites, .1/); 

■ (i) or involute (Nautilus, B). 
I 4. The shell may be spirally coiled in a screw plane, o; 
I fcdicoidal. (See Fig. 108, p. 332). 

I When we separate out for special consideration the modi 

I and amount of curvature of the shell, we are first struck witl 

I the evidence of progressive modification from the straight t( 

I the clusc- coiled forms; but when the relation of these modi 

I ficalions to the time of their first appearance is noted we Icart 

I that forms of the different types of modification occur at thi 

I tarlicst period (the Ordovician) in which the suborder appears, 

I and if we were to seelc a series representing; gnidiiat modifica' 

[ tion from one extreme to the other, we could find them wcl 

I expressed at this initial stage of the subordiiia! historj'. 

} Thfl fiat« of Initiation of the Orthooeratidn, — For instance 

take the species of America alone, and of the straight 01 

slightly bent form. Orthoccratid-x*. there arc recorded bj 

Miller 5 recognized genera and 170 species in the first stag< 

oi thLi family. Ordovician; in the Silurian there were 3 genen 

and 81 species; in the Devonian 3 genera with 145 species 

in thtf Carboniferous, 2 genera with 43 species. 

I Xst« of loltlAtion of the Cyrtoceratids. — The same genm 

LUw is seen in the (2) arched forms included in the fatnil; 



\ 
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Cyrtoceratidae. In America 2 genera (Cyrtoceras and Phrag- 
moceras) began in the Ordovician and continue throughout 
the Paleozoic, and Miller records of them J 2 species in the 
Ordovician era, and 42 Silurian, 20 Devonian, and 8 Carbo- 
niferous species. 

Rate of Initiation of the Hantilids. — Take the third type 
(3), the discoidally spiral form Nautilus, and its various gen- 
eric allies. The Nautilidae has in America 5 well-marked 
genera. 4 genera, including 35 species, are Ordovician; 4 
genera, including 17 species, Upper Silurian; 2 genera, in- 
cluding 35 species, Devonian; 2 genera, including 62 species, 
Carboniferous. In this case the apparently different law ex- 
pressed in the number of genera and their decrease, and in the 
number of species and their increase, is due to the combina- 
tion in the family of two sets of genera, the one set of which 
have their maximum representation of species early in the 
Paleozoic ; the other increases in the number of its species as 
we ascend. Litnitcs, for instance, has 15 species in Ordovi- 
cian, 7 in Silurian, and then became extinct. On the other 
hand, Xautilus has 13 species recorded for the Ordovician, 4, 
Silurian, 15, Devonian, 59, Carboniferous; and the genus con- 
tinues on to the present time. 

History of Trochoceras by Species. — The helicoidal type (4), 
inchulini;, for America, the one genus Trochoceras of the 
family Trochoceratidiu, is specifically represented as follows: 
Ordovician i, Silurian 7, Devonian 10; and then it ceases. 

General Law of Evolution of Shell Cuvature in the Nautiloidea. 
— Thus, to generalize, we find that this grand feature of the 
Nautiloitlca, the form assumed by the shell in its growth, 
expnsscs the fulness of its differentiation among the repre- 
SLiitalivcs of the first or initial period of the existence of the 
race. All the several types of form run along together and 
c;)ntinue nearly, or quite, to the close of the Paleozoic, and 
there, with the exception of two genera, become suddenly 
extinct. 

Rate of Initiation of New Species in the American Region. — 
r^)urth. As if to emphasize the law above expressed regard- 
ing the initiation of new genera, the statistics of the initiation 
of species in the American rocks point in the same direction. 
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BWhen wc observe the number of the different species of J 

pns. recorded in the rocks of each period in which the gcn^ 

rs, wc find that the greater number of species of tS] 

s well as the greater number of genera of the fami^ 

t recorded from the initial geological period, which in this""* 

I OEC is the Ordovici^n ; and the genera and the species gradu- 

I lily decrtase in number for each following period until the 

eof the Paleozoic, with the exception of the genera NaU' 

t and Trvchoceras, whose expansion appears to be later 

d its life-period longer. Even in these casea, however, the 

I is relatively the same. 

\ This, again, is expressive of the general law before stated. 

It tht ekief expansion of any type of organisms talus place at 

ttiwly early period in its tiff- history. This law was ob- 

I in the case of the Brachiopods, and is observed here 

mg the Ccphalopods. There are some modifications or 

'Ttrcptions to it, which the facts regarding other groups 

^[;cst: but the general law is sufficiently well attested to 

"■ defined in these general terms. 

KyaUa Fommlation of the Law of Aapid Expansion cf Differ- 

aSUtion at the Point of Origin of a New Type of Organisni. — 

Hyatt has given expression to this Uw in an article on 

'icnera of Fossil Cephalopods," * The generalization is 

.-ed upon a very exhaustive study of the Cephalopods. 

{ had access to the collections in the Agassiz Museum of 

. iturui History, which was the most complete in this 

.intry ; and he also visited all the museums in this 

.mtry and in Europe where Ccphalopods are found, and 

.ide panicular examination of every species he could learn 

throughout the scientific world. Speaking of the Nau- 

1 idea and Ammonoidea both, he wrote: "These groups 

n^natc suddenly and spread out with great rapidity, and in 

■ luc cases, as in the Arielid* of the Lower Lias, arc traceable 

an origin in one well-defined species, which occurs in ch>M: 

'iximily to the whole group in the lowest bed of the same 

i-mation. These facts, and the acknowledged sudden ap- 

\ »f large numbers of all the distinct types of In- 
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vertebrata in the Paleozoic, and of the greater number of ^^ 
existing and fossil types before the expiration of Paleozoic 
time, speak strongly for the quicker evolution of forms in th^ 
Paleozoic, and indicate a general law of evolution. This, w^ 
think, can be formulated as follows: Types are ei^olved more 
quickly and exhibit greater structural differences between ge- 
netic groups of the same stock while still near t lie point of origin^ 
than they do subsequently. The variations^ or differences, maf 
take place quickly in the fundamental structural characteristics^ 
and eve 71 the embryos may become different when in the earliest 
period, hut, subsequently, only more superficial structures be* 
come subject to great variations,*' * 

Summary. — If we ask, In what particulars does the structure 
of Ccphalopods illustrate this law? we may answer in brief, 
that we notice it first in the class characters of the Cephalop- 
oda. In the description of the class we found the Ccpha- 
lopods most closely allied to the Pteropods. This is con- 
spicuously observed in the difference in structure of the 
locomotor apparatus of the foot. In the Pteropod there are 
two lateral flaps used like wings, or paddles, for locomotion. 
The Ccphalopods are modified to form a siphonal funnel 
which accomplishes locomotion by forcing water violently out 
and forward from this funnel; other structural peculiarities 
arc associated with this modification. 

Tlie Pteropods are abundant in the Cambrian faunas, and 
appear to have attained a relative dominance never afterward 
held, but in this first fauna there were no Ccphalopods. The 
Ccj)halopods of the next (Ordovician) period were extremely 
abundant, and the Tetrabranchiata type was expressed by \J 
of its 29 <;cncra at the initial Ordovician stage (including here 
llu: Upper Trcmadoc, whose fauna seems more appropriately 
associated with Ordovician than with Cambrian faunas). 

It is seen, secondly, when the Ammonoid type of the 
Ce])hal()p()ds made its appearance in the Goniatites. The 
Goiiiatites came out in full force in the Devonian, with a few 
sj)ecies in beds doubtfully referred to the Upper Silurian but 
called Lower Devonian by Kayser. The most characteristic 



* See *• IMiyloRcny of an Acquired Characteristic," by Alphcus Hyatt, Prcc, 
Phil, Soc, vol. xxxn., No. 143, p. 37 >• 
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difference in the hard shell is seen in the curved and lobcd 
suture of the Goniatites as contrasted with the simple suture 
of the Nautiloids. 

The law is again seen in force in the evolution of the Am- 

Sonites, beginning in the Sicily and India Permian beds; by 

ttc early part of the Trias this new type had expressed a 

tonderful expansion. Out of the 92 genera described and 

Itcognized by Zittel, 45 occur in the Triassic, representing 9 

Out of the 13 known families. 

Again, in the Jurassic the great differentiation of type 

expressed in the Dibranchiates took place, not in a single form, 

but both decapod and octopod modifications appear together. 

Thus we find this distinguishing character of the Dibran- 

chiate (the consolidation of the siphonal tube, after the tube 

with disunited edges had existed from Ordovician time 

throughout the Paleozoic) making its first appearance at the 

beginning of the Mesozoic, but thereafter continuing on in 

successive and various forms until the present time. 

In each of these cases, of the initiation of new types of 
the Cephalopod mode of organization, there was a rapid 
evolution of the chief modifications of the new type near the 
period of its first initiation among the geological faunas of the 
world. 






CHAPTER XIX. 

PROGRESSIVE MODIFICATION OF AN EXTRINSIC CHAR- 
ACTER; ILLUSTRATED BY THE EVOLUTION OF TH^. 
SUTURE LINES OF AMMONOIDS. 

The Ammonoids lUnstrate the Law of Acquirement of Differeneei 
by Gradual Modification. — The Ammonoids illustrate another 
of the laws of evolution in a particularly satisfactory' manner. 

When we examine the representatives of the same genus, 
or family, or order, at the beginning and at the close of its 
life-period, it is very common to find the two representatives 
differing in one or more characters, which may be described 
as differing in the degree or extent of their development. 
The number of parts has increased ; some part which is small 
in one is large in the other; some structure which is simple 
in the earlier is complex in the later; or parts which are in- 
definite in form, or similar in the beginning are definite and 
particular in form and structure at the close. 

It is rare, however, to be able to collect examples to show 
the various stages by which the one was elaborated by degrees 
of m(>dification into the other. The famous case of the de- 
velf^pnicnt of the specialized horse foot out of a five-toed an- 
cestor is familiar to all, with the beautiful theory of the way 
b\- which the modification came about. This is a case of 
relative rather than of direct evolution, since the prominence 
of the one toe and line of connecting bones is produced by 
the aborting and witlidrawal from use, and finallv from devel- 
oj)nient, of the normal number of parts which were present at 
the beginning of the series. The Ammonoids, as we shall 
see, illustrate the case of actual increase in complexity, grad- 
ually and continuously; the order of succession in the steps 
of progress being clearly and regularly expressed by the actual 
appearance of each form at the particular geological stage in 

344 



gtFX/.VS/C ClfAKACrE/lS PftOCRESSlt'EL V MODm 

i) it should appear according to the law of genetic cvoli] 

n of the characters of the race. 

Detcription of the Characters of the Ammonoidi. — In order t 
■jdacc before the reader a concise description of the charactcf 
■ of Ammonoids, the definitions of Ziltel may again be followed 
IbmJ^hing as they do the precise characters needed for a 
I Understanding of the problem under discussion 

Zittel's definition of the characters of the Ammonoidca i 
|l8 follows: 

StCOKD SI'BORKER: AMMnNoinEA. Shell generally enrolled or spita 
iiriiidiil, tniirc rarely spirally coiled, cvoluie. arched ur straight; opei 
riple at (urnlshed with lateral and ventral prolongaliuns. Sului 
-iKluUitng. noifhcd or with slashed or dentate lobes and saddle 
. .1 !c cylindriotl. always marginal, without internal deposit; init 
Aft spbccical or ovoid, frequently an aptychus or anaplychus. 

In the description of the fundamental characteristics ( 
tbe sutures and their development we follow Zittel's synopsi! 

T1i» ombryonal chamber {nucleus, ovisac) of the Ammonoids has 
nsversely ovoid shape (Fig. iia, «); it is smooth, sepurat« 
I ^a OJBtroftion from the rest of the shell, and always enrolled spiral] 
I an imaginary axis. Its anterior aspect is. in consequence, cssci 
I uaUy iltflcr«ni (rom its lateral profile, ils sides 
I kavioic a projection in Torin of an umbilicus. The 
rrunal chatnber, of which the height varies 
1 0^3 lu 0.7 mm., Is limited in front by the 
r iiepiutn. The constitution of the first 
'«Kives, according to the beautiful researches 
:a. excetlent basis for classification. In 
It ancient Ammonoids it forms a straight 
!, more or less simple, and then resembles the 
N'autiloids; Brancu colls these 
• ^Ibe Attllali yT'%. HI, .^) 

] cruup the hrst suturai line pr4- 
Ifffrud to form nn arch towards the ex- 

I (arm* a Tar^c simple ventral saddle, Pio. tii.—VeninlTkmef 

W/(Fig. Ill, /O. _. 

Tbe third group is HislinKuished by the re1a< piifi>,i; . 
'.'. narrow ventral suddle, on each side of \X:'' ■ 
•■\--\\ :■! rirr<l<)p«4 a Ixleriil lobe Hml genemlty ■"' ' 

I lateral sHcldle. An^MitisiSliiii [Fig. ,Altt'.'ii., ..,.-,, 

hlle the first auture ot all Ammonoids i« comparatlvcl; tlmplc, it 
cnn^i'lerabie complication I5 produced by the Utcr devflopment d 
..II '>"ira lew ijf Eh« more ancient type* poiieiCB (utaral Ilia 
i'lr. like that of the Nautllidi. AlmoM almiyi, even I 
. ih« suture aiiftlncd at iMat th« Gonictile vtadinia, t' 
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r notched suture formed of ainple lobei and uddMV^ 
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is observed in the Ceralite stadium, in which the 
hile, on the contrary. Ihe lobes are notched by 
sliKht denliculations. The more elaborale differentiation is reached in 
the Ammonite stadium, in which the lobes and saddles are gashed by 
secondary notches in the most variable n 



m. (After Zitld.) 



As the Goniatiles appeared, in general, before the Ceratires. and these 
in piirl bvfuru the true Ammonites, il is believed that these three genera 
may be considered lo be Ihe three principal stadia of development of the 
Ammonoitis. This view Is further confirmed by the fact that the suture 
line of all Amm<inites in the course of the first whorl passes through the 
Guniatiic stadium (Fi^. ii6, H to N). According to the researches of 
Hyatt and Branco, however, the Ceratite stadiuin is, in general, passed 




/wWyUfo 




fCHAKACTEJiS PKOGAESSIVELY MOD/F/^ 

*f tnj ibc Gofiialile sladjam pn«ses directly into the Ammoniic stadium, 
t( dei-elopmcnt of <h« sulural line by folding of the septum advan 
without inwards; on the contrary, the new lobes and Ibc i 
f »Jdl« arc tnlcrcalaled, almost always, at Ihe lateral 
taatt of the whorl, and rarely on the external ridge. 
The iic<unil suture is distinguished from Ihe first in 
|'<:'->| itit Am monoid I by the development of an ex- 
- :l vrntml lobe, more or less deep, simple or bifid, 
-' u'vo '>>c to tno c^cleinal saddles caused by the 
'. .!■ my uf the original simple saddle. It is rare thai 
'■■ nfincd to these Ihrce elements; generally, (here 
. IfJ besides .1 lalcral lobe and a lateral saddle. In 
'. ri'^re simple iuims the suture has by that 
qiiTiiM tttdelinile shape, and all the later chambers 
prnrnl Ibe »aine design at the point of ihcir attachment. 
ncTE iceoeraily occurs, however, a multiplication of the 
folic* and i<( the saddles, and the external lobe tabes part 
B It by one small median saddle becoming bilid. 

Soch is Ibe (hametcristic development of the suture 
Bla the Goniatites, the Clymenias, and a small number 
}of llw Triaasic Ammonites. In the CeratJtes and the 

lere takes place exactly the same differentiation at th< 

>( •• in Ihe Gonlatitcs; but later, when the shell baa reached Ihe sit4 

. In dlnmctci. begins the secondary slashing of the lobes and a 

ki of the exterior and of Ihe interior. (See O of Fig. ii6,) 

tl iIm: ilie of 4 mm. the Ammonites arc generally in possession of thest 

I dutmctctuttc suture lines, which from that time on rema 

t eoBer very slight change. In the deieiminaiion uf the a 
ll is necessary to compare the suture lines of only the t 
The external lobe does not lend to become bilid in the Goniatita 
J Bod Ammiraiies, the most ancient geologically, as In ■ stadium of relaiivel] 
I twdjr (towth. In the relatively young Angustisellati Ibe division inU 
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I rwo lobes t« distinclljr &ceomptish«d. In a single form, or even in serls 

I «l tonns, or in Ihe mo«t closely reUted species, ihe geologically yout 

1 K^roMtatallVE* gcneiatly possess the more cliSerentlalcd suture 11 

■ tbc eudtrary, however, it In nol possible lo deduce the geological >)( 

a Ammonite from the structure of the suture line alone. In the Tri« 

ira turm* (PInacvKeras, Fig. II7I which present lube* so finet 

1 and *o raaipUcaiad tbat one can stiiircBlir observe timlUr d 
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recent formationB; on the 
Buchiccra) from the Middle 
hich represent the Ceiatite aladiu 
14) by retrocession, if they be not. 
genera. In all 
ypical Ammunilcs there is devel- 
oped, besides the external ventral 
lobe, which, in the forms with sn 
external siphuncle, is called often 
also siphonal lobe, two main lobes 
on the side — the first and second 
Uleral lobe. Besides the external 



ther hand, there are known An- 
md Upper Cretaceous, the sntuict 
I (Fig. iiS; also compare with Ft|. 



lot 



3 lai 



ernal 



iddle 



able 



vided 




saddles: and besides the lateral 
lobes, the two primary lateral sad- 
dles. The emernal is almost al- 
ways profoundly slashed into two 
points by the development of a 
secondary median saddle, while 
the internal lobe (dorsal lobe) op- 

The external 
10 be di 

genera (Pinacoceras)the drQerentialion of the external pan of (he exieTH 
saddle goes so far that there are intercalated between it and the exi«TMl 
tube a greater or less number of supernumerary saddles and lobes. All 
the saddles and all the lobes from [he second lateral saddle 10 the internal 
eonlBCi suture of Ihc whorl arc called external; those which a 
contact sutures up 10 the inner saddle receive the name internal auiillu^ 
lobes and saddles. 

The variability in the number and siie of the lobes is. genefdiy 
in relation with the form uf the shell. H the whorls are circuUt 
one observes, ordinarily, only a tew lobes, and in that case they are <> 
nearly equal dimensions (Lyloceras); upon a wide ventral side the •! 
lernal lobe and the external saddle acquire considerable dimensions; 16' 
mure flat the sides are and the thinner the ventral pan, the larger Itii 
size of the lateral lobes and lateral saddles, and the more numerous Ijii 
auxiliary lobes. 

Two DiviBions of the Retrosiphonata : aoDiatites and Clymeiiiii 
— In foflowing the course of evolution of this group, as indi- 
cated by the modifications of the suture-!inc, wc begin witll 
the first division of the Ammonoidea — the RftrosipkoHata f& 
Fischer. The two groups are the Goniatitcs and the CUmo 
nias. The fundamental and constant difference is found i> 
the relative position of the siphuncle. In the Goniatitu^ 
siphuncle is external and in the Clymcnias always inl 

The Goniatitinse, of Hyatt's classification, 
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Silurian and arc dominant in the Devonian, and the undis- 
puted Goniatitinae arc not continuous beyond the Carbonif- 
erous. Sagiceras and like forms are Triassic, and are inter- 
mediate between this and the true Ammonite type. The 
Goniatitidae (v. Buch, emend. Zittel) contain about 300 spe- 
cies, all of which are Paleozoic. 

Quick Eyolntion of the ClymeniidsB. — Of the Clymeniida?, 
about 30 species are known — all from the Upper Devonian. 
When, however, the character of the suture is made the chief 
means of classification, we find a considerable range of modifi- 
cation in the Clymeniidai, and of the other characters: the 
shape of body whorls, rounded, angular, tuberculated, etc., 
and amount of involution of whorls, all indicate great modifi- 
cation, so that authors have classified even this special little 
group of forms into many genera. Hyatt proposes 3 families, 
with 9 genera in all, based upon the minute studies of 
Gumbel. Hyatt remarks, regarding the Clymeniidie : 

••This extraordinary scries shows the phenomena of quick evolution 
in three series of forms. Cyrtoclymcnidse, with a scries beginning with an 
Arcestes-like form, and passing through discuidal and compressed to quad- 
ragonal forms ; Cymaclymenidsc, a similar parallel series, but with more 
complex sutures; and Gonioclymenidx, also a similar series, but with more 
involute forms than the last, and the sutures becoming Ammonitic, with 
median ventral lobes and saddles, divided by a pair of marginal lobes." * 

When we compare this series of suture-lines with those 
of a single Goniatite, at different stages of individual growth 
(Fig. 112), the evolution may be expressed as a case of rapid 
acceleration, with some variation added. 

ClaMifioation of the Goniatites. — The attempt to classify the 
Goniatites by their sutures has resulted in various systems, in 
each of which the particular form of the mature suture-line 
has been the criterion of classification. 

Bcyrich proposed six groups, which he called (i ) Nautilini, 
<2) Simplices, (3) /liquales, (4) Irregulares, 1 5) JVimonlialcs, 
(6; Carbonarii. 

Sandberger made a more minute analysis, based upon tlur 
form of the lobes and saddles making uj) the suture. His 
nomenclature is: (i) Linguati, (21 Lancenlati 1-1. -Mijii.iles in 
part of Bcyrich), (3) (ienufracti l:= Carbonarii Mcyr. }. ('41 

•Sec "Genera, Fjjss. Ceph.,*' p. 311. 
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Serrati (= Irregulares Beyr.), (5) Crenati (= Primordiales \ 
Beyr.), (6) Acutolaterales, (7) Magnosellares (= Simpliccs - 
Beyr.), (8) Nautilini (= Nautilini Beyr.). (See Fig. 113.) 

Hyatt distributed the Goniatites into several families, - 
including in each the several groups based on sutural charac- 
ters as follows: (i) Nautilinidae (Nautilini Beyr.), (2) Primor- 
dialidae (Primordiales Beyr., and Crenati Sandb.), (3) Magno 
sellaridtTe (Magnosellares Sandb., Acutolaterales Sandb., Sim- 
plices Beyr., /./., and ^Equales Beyr.), (4) Glyphioceratidae 
(Carbonari i Beyr., Simplices Beyr., /./., Genufracti Sandb., 
Indivisi Bronn), (5) Prolecanitidae (Lanceolati, Linguati, 
Serrati Sandb., Irregulares Beyr.). (Hyatt included here the 
genera Medlicottia, Sageceras, and Lobites, referred to the 

Ammonites by Zittel.) 

Differences in the Sutures of the Ammonoidea explained at 
Various Degrees of Crimping of the Edge of the Diaphragms. — 

The sutures may be considered as simply the edges of the 
diaphragm which is built by the animal across the conical 
shell in which it lives, to constitute air-chambers of the va- 
cated part as the animal grows in size. A simple explanation 
is suggested by the mechanical principle that the natural result 
of attempting to force a diaphragm into a tube too small for it 
woukl be the crimping of the edges of the diaphragm. With 
this clue applied to the interpretation of the sutures, we dis- 
cover that all the various sutures may be defined in terms of 
difference in degree of complexity of the crimping of the edge 
of the septum. 

Classification of the Types of Sutures. — Gathering statistics of 
all tlie known forms, and studying their embryological devel- 
oj)nient as well as their actual differences, we find the follow- 
injj[ facts to be true regarding the modifications of the suture- 
lines which result from the crimping or fluting of the outer 
mari^in of the septum where it is attached to the wall of 
the chamber of the shell : 

A. I he Xaiitilian Type of Suture. — In the Nautilidne the 
suture is simple, either straight or slightly curved, but never 
folded, i.e., in its complete circumference not exceeding a 
single oscillation of curvature (see Fig. 102). This is the 
Nautilian or simple type of suture. 
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B. The Goniatitic Type of Suture, — In the Goniatites we 
find the suture lobed, forming rounded or bluntly angular 
curvatures; these curvatures in the simplest stage of the pro- 
toconch are arched forward at the siphonal side (Fig. 112, 
ay b). In the growth of the individual, as well as in the dif- 
ferent genera or subgenera of Goniatitidae, the lobation never 
exceeds the repetition of these forward and backward curva- 
tures of the suture. The multiplication of the curvatures is 
accomplished by the infolding of the node of each curve (Fig. 
1 12, d, e, /, g, and Fig. 113). 

This constitutes the Goniatitic type of suture, and consists, 
with all its complexity and variation, of a system of curva- 
tures forward and backward ; the forward curvatures (upward 
in the figure) are called saddles, the backward curves (down- 
ward in the figure) are the lobes. 

The various modifications of this type of suture are pro- 
duced by different degrees of division of the lobes and saddles 
in different parts of the circumference of the whorl. This 
kind of bending of the suture may be called lobation of the 
suture, and may be defined as the type of suture formed by 
the primary crimping of its edges. 

C. The Ceratiticy HelietitiCy and Medlicottian Types of 
Suture. — The primary lobes and saddles may be again 
crimped so that the lobes are cut by a series of lesser lobes, 
the saddles are dentate by secondary slits, or the sides of the 
curves connecting the lobes and saddles are secondarily lobed ; 
this modification constitutes a secondary system of lobation 
of the suture; and there are three stages of this mode of 
crimping of the edge of the septum. 




Fig. tx9.-~Suture of Medlicottia primal, (After Zittel.) 

I. The Ceratitic type, in which only the lobes (Z, /, /?/,, 
al^ of Fig. 1 14) or the backward curves of the septum edge 
are secondarily crimped. 
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2. The Helictitic type, in which the saddles (see ES^ LS^ 
Fig. 1 14) is alone secondarily crimped. 

3. The Medlicottian type, in which the sides of the 
saddles and lobes, or lines connecting them, are dentate or 
secondarily crimped (Fig. 1 19). 

To distinguish these three from the former type they may 
be classified as the crenulated or secondarily crimped type. 

D. The Ammonitic Type of Suture. — There is a still 
higher complication of this system of sutures. The secondary 
curvatures may be themselves tertiarily crimped or notched, 
forming a tertiary system of lobation of the suture; this gives 
us the Ammonitic type of suture, and the suture is called 
foliate to various degrees of elaboration in different genera. 

E. The Pinacoeeran Type of Suture. — A further extreme 
of differentiation is attained in the crimping of the edge of 
the septum of Pinacoceras of the Trias (Keuper), of which 
twenty-seven species are reported, in them the tertiary lobes 
are again dentate or crimped, forming the quaternary system 
of lobation. This is the highest stage of elaboration recorded 
for the suture line of the Ammonoids (Fig. 1 17). 

Relation of Order of Succession of Initiation to Order of Ontoge- 
netic Development and Evolutional History. — The natural law of 
sequence of these various types of lobation of the suture is 
that given above: (i) Nautilian, (2) Goniatitic, (3) Ceratitic, 
(4) Ammonitic, (5) Pinacoeeran, — that is, the order of succes- 
sion is (1st) the simple, (2d) the lobed, (3d) the crenulate or 
secondarily lobed, (4th) the foliate or tertiarily lobed, (5th) 
the quaternarily lobed form of Pinacoceras, — and is so far an 
arrann^ement of a series of related characters in normal pro- 
gressive order. 

The question naturally forces itself upon us, What rela- 
tion has this normal order of sequence of the characters to 
ontogenetic development and to phylogenetic evolution? 

Order of the Ontogenetic Growth of these Characters. — i. 
First, in ontogenetic growth (as illustrated in Fig. 1 16) we 
find this order to be the order of sequence in the develop- 
ment of the shell of an individual. The first, or protoconch, 
stage has a Nautilian or simple suture, or what is the primi- 
tive form of that suture (Fig. 116, C, and F'ig. iii,-/4); the 
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ind Ktagc (Fig. Il6, H) shows the formation of a siphonal 
: by the indenting of the primary siphonal saddle. The 
miatitic modifications are seen in the sutures A', L, M, O 
d Fig. 1 16, and suture O expresses tlie combination of the 
L Ccnlitic and Medlicottian types of crenate suture; but it is 
: s<ccondary lobation clearly, although in this particular 

I it has not its simplest expjession. 
This is the general law of ontogenetic growth as developed 
^ the authors who have specially examined these facts; but 
■Ammonites, as Zittcl says, the Ccratitic stage is wanting gr 
cr. This we may interpret to be due to the fact 
'hat the Ccratitic type of suture alone is not expressive of a 
;'.igc of evolution; but the true fact expressed by Ceratites, 
-4 far as its relations to differentiation of suture line are con- 
ccflkcd, is its crenate or secondary lobation. This secondary 
kbation may take place in the lobes, on the sides, or on the 
saddles, and is a stage which, in the individual growth, is 
ijickly passed over; the order of sequence is preserved by 
the secondary lobation always preceding the tertiary lobation. 
!hc particular part of the curved surface which first suffers 
the secondary crimping appears to be the lobe, as is seen in 
TrtAitcs, V 

Ohronological SacceHion of the Charaotera. — 2. When we 

itwk at the chronological relations of this differentiation, we 

find that the time of first appearance or initiation of the 

-ic\-cral I>'pc3 of suture lines corresponds with the normal 

■.tatc of differentiation of the character. That is, the Naa- 

;ilian suture line is the first to appear, in the Ordovician. 

HD Ks continues to be the only one until the close of the 

^Horian, when the Gontatitic suture line appears. These two 

^fe the only types existing, so far as known, until we reach 

^Hite Carboniferous stage — the Permo-carboniferous, or Vkt~ 

^Kn — when the third, the Ceratitic and Mudlicollian types 

^Bpcar, seen in the genera Sngeccras, Medlicottia, and 

^Knodiscus. But in this same geological period. In the Salt 

^■Rge group nf India, is found first appearing the form of 

^Kufc characteristic of the fourth or Ammonitic stage, in the,j 

^Hb genera CyclolobuK and Arcestes. Thus, before the tXonjM 

^^ft^e^Ucozoic faunas, as now defined, there is sccnd|^| 
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veloped each, except the extreme Pinacoceran, stage of this 
character. Immediately after, in the Trias, the Ammonitic 
and Ceratitic types are both well developed and represented 
by many genera. The historical order of initiation of the 
several types of sutural modification is thoroughly consistent 
with the order which an analysis of the nature of the modifica- 
tions themselves suggests to be the natural order of sequence. 

When we examine the order of sequence of the stages of 
dominance of the several types of suture the former conclu- 
sions are also confirmed. The Nautilian, the Goniatitic, the 
Ceratitic and its modifications, and the Ammonitic and its 
modifications, became dominant in the normal order. And the 
appearance of the extreme Pinacoceran type in the Trias, with 
its failure ever to become dominant, is in keeping with the 
general principle that it is rarely the case that extreme modi- 
fications of a type are either longest to live or the best 
adapted to struggle with competing types of organization. 

Bate of Elaboration of the Various Types of Suture. — 3. When 
we look at still another relation of this series of facts, and 
ask, What was the relative rate of expansion of this character 
in comparison with the life-period of the race expressing the 
modification ? we learn that regarding the character as origi- 
nating in the straight Orthoccran form, the first stage of 
sutural modification was reached when the first Goniatite 
appeared ; this was near the base of the Devonian. The Cera- 
titic and Ammonitic stages had both appeared before the close 
of the Paleozoic, and bv the earlv Trias the Pinacoceran had 
appeared ; hence the extreme expansion of this character had 
taken place between the base of Devonian and base of Trias, 
but the life-period of this particular race of organisms reached 
its close rather suddenly at the end of the Cretaceous; and 
we may infer that the extreme limit of modification of this 
particular character had been attained before the race ex- 
pressing it had half finished its course. 

Rapidity of Modification of each Type soon after it was Initiated. 
— 4. When we consider the degree and rapidity of develop- 
ment in each of these types of suture-lines, we observe that 
after the character had once appeared it was expressed in 
numerous species and genera, and it expressed a tendency to 
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ind in a definite direction in all the Hnes which assumed 
I its rate of development in the different lines was not 



'he rapidity of development of this character may have 
\ determined, more or less, by environment, but the facts 
I to preclude the possibility of the determination of the 
: of the differentiation, or of the ortler of the sequence 
s expansion, by environment. We see here an exhibition 
ifolution proceeding in a definite and continuous line of 
jision. It consists in a differential expansion in a defi- 
lirection and in a definite manner, by slow stages of 
s from generation to generation ; and it is as distinctly 
a predetermined law of evolution for the race as increase o( 
•iKrand development of organs is a predetermined law for the 
individual living organism at its birth. Environment checks 
Qf accelerates it just the same as temperature or climate affects 
ihc vigor of growth of the tree; but the law of expansion 
iTiim Nautilian to Goniatitic, and then to Ammonitic suture 
i* the only one which the race can follow out ; and the ex- 
pression of this law is as sure to follow in case the gcncra- 
ti'ms succeed each other, as the tree is sure to bear its appro- 
priate fr^tt in case it lives and grows. 

Snmm&ry of the Laws of Evolution of the Suture-Llnei of the 

AmmODOidea, — The following may be given as a summary of 

ibesc interesting laws recognized in the history of the suture- 

Jinc* uf the Cephalopod shells. The various suture>lines of 

^K chambered Cephalopod shells can be distinguished by the 

Hfferenccs in degree of complexity of the crimping of the 

^Bge of the septum, viz. : 

H {*) In the Ortkoceran and Nautilian type the edge of the 
BpCiun 19 straight, or the curving is not enough to produce ' 
^Hre than a single oscillation of the suture-line during its ■ 
^pnplcte circumference. ^^H 

^1 (fi) The Goniaiitt septum presents a lobcd suture, bttt ^^H 
^bes of all the lobes and saddles are simple. ^^| 

^F(«) In the third type the lobes and saddles are varioudy I 
^Knulated. In the Ccralitr the crcnuUtion affects the base j 
^vlbe lobes, in Helictites the top of the saddles is crcnulatcd, J 
^■d ID iftdlicollia the lobes, tlte saddles, and the connectingfl 
^Ktt d( the suture are crcnulatcd. ^^^^^^| 
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{d) In the typical Ammonite there is a tertiary crimping 
of the suture-line, i.e., each of the archings of the line corre. 
spending to the crenulations of Medlicottia is again crenu- 
lated, forming a complexly foliate suture. 

(e) In the adult forms of Pinacoccras there is a still further 
elaboration of the crimping, the tertiary archings of the Am- 
monite are again crenulated, forming a quaternary stage of 
corrugation. 

The series presents a gradual elaboration of the crimping 
of the edge of the septum, forming a suture line, ist, simple 
2d, primarily iobedy 3d, secondarily corrugated (the rrr//i/Ai/rrf 
type). 4th, tertiarily corrugated (the foliate type), and 5th, 
with the quaternary corrugations of Pinacoceras. 

In their historical bearing^ it may be said of this series 
that : 

1. It is the order in which the various types made their 
first appearance in the geological series. 

2. It is the order in which the several types became 
dominant. 

3. It is the order of elaboration in the ontogenetic growth 
of the individual. 

4. It is the normal order of mechanical relation borne 
by the several types to each other; each type is a mechanical 
chiboration of the next preceding type. 

The convolutions of the suture are crimpings of the cd^Q 
of a more or less flat disk, — the septum, — and these convolu- 
tions are the simplest mode of adjustment of the edge of 
such a tlisk. whose circumference increases more rapidly than 
its radius. 

(.'onsidering only the differences in the sutures, it would 
he correct to state that if we assume that the one is derived 
h\' nioclificatiiMi from the other, it would be mechanicallv im- 
j)()ssii)le for the Ammonite's septum and suture to be formed 
with»)ut passing through the stages represented by the 
Nautilus, (ioniatites, and Ceratitcs. In other words, this 
exhaustive analvsis of this one element of structure of 
cephalopod shells shows us that the actual history of these 
organisms has been exactly that which a serial classification 
on the basis of differences of this part would suggest, and 
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t no other classification or order of succci^f^ion could take 
ice by natural descent. 
Eralation of the Sntare remltB in the improvement of the 
rtnre of the Shell. — When we look at the complex foliated 
■cpium of the Ammonite in relation to its use, we are struck 
ilh Ihc economical use of materials for greatest strength 
brith least weight. The principle of using thin plates of i 
rrugatcd material in place of solid supports in engineering 
1 building is well understood by man, and from this point 
tview it appears evident that the result of the evolution of 
: cephalopod septum has been the improvement of the 
tvicc concerned. 

1 conclusion, the analysis of the structure of the Cepha- 
nda, based upon a comparison of the different modifica- 
i of their structure and upon the historical study of the 
Bsil remains of this class of animals, shows very clearly that 
an intimate co-ordination between {a) the morpho- 
logical diilcrcntiation of the characters, and {b) the historical 
sequence of initiation and of dominance in numbers of the 
^^idividuals exhibiting them. Thus we notice, upon exami- 
^Bktion of the characters of the two great divisions Tetrabran- 
^^pfiata and Dibranchiata, that the group which appeared 
P^Her, and after the first had flourished and the great majority 
of its families and genera had become extinct, was the one in 
M-hich is found the greater ainount of differentiation of each 
^^^ the characters by which the two groups are distinguished, 
^^ft It is also to be observed that, among the characters, in- 
^^Bding all that is known of the group, by which the grand 
^^■rtsions of the Tetrabranchiata are discriminated those which 
^^kc less differentiated morphologically were first lo appear. 
^^B Ibe case of the modification of the sutures, about which the 
^^Kts have been minutely studied, the types follow each other 
^^BreEular successive order from the less differentiated to the | 
^^^bre highly differentiated ; and the same order is observed in I 
^^K nutnerical dominance of the several types. We notice I 
^^■o that this order of increasing differentiation, which may 
^^E'tBced In the case of the suture of the AmmonoidcaF is J 
^^^e natuial order of evolution when viewed from the polnU^ 
^^Bvinv of (<t) mechanical differentiation, that is, the grcatealH 
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amount of effective use for the least expense of energy or 
material ; (^) from the point of view of ontogenetic growth, 
that is, the natural order by which the structure is produced 
in the normal growth of an individual organism; and (r) 
from the point of view of historical sequence. 

But this is not a case of the survival of the fittest, — ^it is 
the evolution of the fittest, — and, from this point of view, too, 
it is not the fittest that survives; for of these ancient forms it 
is the Nautilus, and not the Ammonite, that survives; but of 
the order of initiation there is no mistake — the Ammonite does 
not appear before the Nautiloid; and the sequence Goniatite, 
Ceratite, Ammonite is not reversed, but is the order which 
the structure would suggest. The general law of survival 
of the fittest is exhibited in the general dominance of one 
type over another, but a structure once developed may persist 
entirely beyond the period of its relative importance or rela- 
tive stage of perfection, as is wonderfully exhibited in the 
Lingulas of the modern sea, which are traceable back to the 
Cambrian period through a line of ancestry that was very 
highly modified in many parallel lines, of which only Lingula 
survives. 



CHAPTER XX. 




; LAWS OF EVOLUTION EMPHASIZED BY THE ST1 
OF THE GEOLOGICAL HISTORY OF ORGANISMS. 

Tertimony of VertebratM. — The vertebrates might be used 
with great force to illustrate the general laws of evolution. 
So better exampli: than the vertebrates could be selected to 
I Illustrate the fundamental law of the gradual inciease, in 
differentiation and in rank, of the great classes of a branch in 
tile order of their successive appearance and dominance in the 
geological formations. 

In the lowest system of stratified rocks, the Cambrian, no 
trace of vertebrates has yet been found. In the Ordovician 
.uid Silurian only the lowest type of fishes, and they very 
-ite, have been seen. Fishes were abundant in the Devonian. 
T:ie Lower Carboniferous shows the first amphibians; .and 
-.;e-sizcd and extinct types of amphibians prevailed in the 
'.rbonifcrous era. In this era also a few traces of true 
[iiilcB have been found. In the Triassic the great Dino- 
tjrian reptiles were abundant on the land. In the Jurassic 
'le shallower seas swarmed with the Enaliosaurs or sea-lizards, 
'id in the lower Jurassic (Lias) the flying reptiles infested the 
r and culminated the reptilian domination of the Mesozoic 



While reptiles were the masters of sea, land, and air, the 
rcr types of mammals — the marsupials, and probably 
"inotremcs — began to appear in feeble representatives as 
irly a^ the Triassic. and in the Cretaceous birds, too, make 
,.-ir .ippcarancc: though true birds in structure, they com- 
ic- with the flying reptiles in their use of reptilian teeth 
- otTcncc and defence. 
Remarkable and Extreme Erolntlon of tb« Xammali la th* j 
—As wc examine the earlier beds of the Tertiary r 
rve for the first lime the dominance of mammats; ] 
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perhaps no more remarkable fact is established in the histoiy 
of organisms than the sudden expansion of the placental n 
mals in the Eocene. 

Over fifty genera, representing the chief ordinal typ«ot 
the placental mammals, are already reported from the lowest 
Eocene, none having been discovered in the underlying Creti- 
ceous. In Europe alone Zittel reports for the fauna of t 
Upper Eocene about i lo genera and about 200 species. To 
show the richness of this fauna, in spite of the imperfectioa 
of the records, he cites the tacts that ' " Our present European 
land mammalian fauna contains 54 genera with about 150 
species, and of these 60 per cent belong to the microfauna, 
consisting of the smaller forms of Rodents, Insectivora, Bats, 
and Carnivora, for which the conditions of preservatio 
earlier epochs were very unfavorable" ("The Geological Dt 
velopment, Descent, and Distribution of the Mammalia," by 
Karl A. von Zittel, Gcol. Mag., Dec, III., vol. X.. Sept., 
Oct., Nov., 1S93). 

If we glance at the whole group of mammals, we find th< 
actually known forms included in three subclasses: the (I' 
Prototheria, with the order Monotremata; (II) Metathcria, 
represented by the order Marsupialia ; and (111) Eutheria, or 
the Placentalia. 

There can be no doubt as to the higher rank of the Pla- 
centalia over the marsupial and monotreme types. No cw- 
tain traces of the Placentalia arc known to occur below the 
Eocene. Stegadon, a genus of the Tillodonlia, ts thought 
to have appeared possibly in earlier beds. 

Of these mammals, ten orders, fossil and recent, arc recog- 
nized. Two of these are marine — SJrenia and Cetacea- 
The Edentata is a South American order, and has its nrpif 
sentatives in the earliest known South American mammaliaii 
fauna (Vera Cruz fauna of Patagonia), which is probabi}' 
equivalent to the northern Eocene, 

If we omit the above three orders, of the remaining seven 
orders of land mammalia five arc represented in the oldef 
Eocene of Europe — the Ungulates, with J subordirrs; the 
Rodents, the Insectivores, the (Carnivora) Creodonta, dw 
ProsimiiE — ^the forerunners of, if not true, PrirnaXes,^,^ 
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True Carnivores appeared in the newer Eocene, CI 
roplcni in the middte Eocene, and true Primates in the oil 
Miocene. 

In these orders of placental mammals 56 genera appeared 
for tile first time in the older Eocene, and there were succcs- 
liwly added to them, in the middle Eocene 40 new genera, 
in ihe newer Eocene lo; new genera, Oligocene 5. older Mio- 
Lnc 49, newer Miocene 34, Pliocene 27; or previous to the 
]>cntng of the Pleistocene 260 genera, distributed among the 
".vcn Land orders of mammals, of which the first traces were 
'Stained from the older Eocene beds of North America and 
Europe, The Australian, South American, and African types 
arc not here included; and it must be remembered also that 
new discoveries are constantly adding to these statistics, and 
in general they augment the earlier more than the later totals. 
Again, the fact that I ? Prototheria and) Metatheria were 
already well developed in genera in the Mesozoic docs not 
Inscn the significance of the remarkable expansion of the 
jnammals in the older Eocene period; nor does the imperfcc- 
tioa of knowledge lessen the testimony to the relatively 
madden expansion which the evidence now in hand indicates. 
riic approach to recent time, and the increasingly better rep- 
T-Tntation of the land faunas among the preser\'ed remains, 
i>cs not invalidate the truth of the general proposition, that 
■ill the grand features of structural modification, expressed in 
ht- subclass of placental mammals, made their appi^arance in 
^tinct genera with great rapidity at the first stage of 
uuncc of the Placcntalia. 

The prominent differences, expressed in the Itmbtt, t« 
lorra. and habits, in the hoofed animals, the odd and even 
toes, the gnawing rodents, the flesh-eating Carnivores fCrco- 
donl^). the insect-eaters, the Hying bats, and the climbii 
'■nkcy-T. were all seen among the members of the first fat 
; the new type of placental nuimmals, in the Eocene peril 
8jatb«tlc Types Illiistrated by the Vert«bntci of tlifl 
[o better illu«ration of the principle of the "synthetic" 
comprehensive " character of early types of or^nizatioa, 
be found ihiin that presented by the Dinosaurt 
the reptilian bird,* of the Mcsniovc, \\t\i: 



biped reptiles, thrcc-tocd and with avian pelvic sti 
flying reptiles, with beaks instead of teeth ; birds with 
and birds witli long x-ertcbratcd tails. 

So many points of combination of features have been seen 
Un the Mesozoic fauna, which arc now only found scparatol 
Bn the two great classes Avcs and Rcptitia. that zonlo^-iH 
■have been forced to provide an intermediate group to include 
ancient types, or to expand and co^lbinc the two cla»cS 
I'jnto the one superclass Sauropsida of Huxley. 

Socialization of Five Fingers in BeptUes and its R«latioa to 
IXater SpeoialiEatiotu. — The principle of synthesis, or combina- 
f tion, in an e.irly type, of the characteristics of two or muniscpa* 
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Prate types of a later stage, is seen in the case of the Permian 
1 reptile Mesosatirus lumitius Cope, in which five tarsals are 
rprcsent, rather than four — the normal number of later rcp- 
Eiiles. Such a fact shows, according to Cope, that five is the 

■ primitive number of tarsals, and that four is a special ixation — 
Bjust as we find in general in the evolution of paws, feet, and 
■hands the full number of parts was provided before the spe- 
Lcializcd reduced number was evolved. The fewer number o( 
^fingers or of bones, entering into the mechanism of the foot 
ll>r hand, is the result of selection and speciali^filion of ports 
■rather than the direct pruductiun uf any new function or part. 
■The Eocene PhtnaantHs primatiu Cope illustrates lliii pnnci- 
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Blcui the evolution of the forefoot of mammals, as shoivn in 
Hne figure on the opposite page. 

■ Rnger-bonei and Teeth as Teats of Degree of Differentiation. — fn 
^ncing the history of mammals wc find the principle of five 
Kger^ already developed before mammals began. Hence 
He wonderful modifications noted by Owen. KowalevsWy. 
Krdcr. Marsh, Cope, and others, in the arrangement of the 
mmcs of the mammalian feet, their specialization in form, and 
relative size, shape, and position, have constituted the chief 
data for both classification and phylogenetic series. 

The teeth, as highly specialized organs, and as terminal 
parts of the individual organization, coming into most im- 
mediate contact with the outside elements of resistance t 
Ifac fife of the individual, arc particularly sensitive ejo 
!4i>ns of the stages of evolution. 

Any device of oiTence or defence, particularly when I 
ncsA and resistance to attrition are characteristics of its stmc- 
lurc, becomes at once a mark of the effects of environment 
inducing modifications, and of the stage of progress 
lined by the individuals in their evolution. Their rcsist- 
;e to destruction makes such parts most valuable records 
the rocks of the history of organisms. 
Lawi Derived from the Study of the Teeth of Kammals by 
I. — Professor H. F. Osborne, following the invoslijfations 
.titemcyer and others, has recently written several inslruc- 
papvrs setting forth the laws to be observed in the 
of the development of the teeth in mammals. 
lo a memoir (first read as the address of the vice-president 
ic tscction of Zoology, of the American Association for the 
iccment of Science*) he narrates both concisely and 
rtnirably the laws e.xpressed in the modification of the c 
r surface forms of the teeth of ni,^mmals. 

O'jbomc shows how the tricu.^pid tooth is an cvolm 
. imple monocuspid tooth, which is the primitive type 
: in all earlier vertebrates. He shows further that the 
'.'1 succession of teeth characteristic of reptiles is the 

Itive method of arrangement, and this, as is also the i 
t 




3^4 GEOLOGICAL BIOLOGY. 

definite number of teeth of the reptilian jaw, is a natural 
preliminary condition to the high specialization of the teeth, 
with particular form for each. 

The selection and specialization seem to be brought about 
by the s^uppression of part of the multiple series, and the 
modification of the teeth retained in different parts of the 
jaw for special function. 

In the primitive Marsupials and Insectivores, he obser\'es, 
the regular reptilian succession was early interrupted, while 
in all the higher mammals the reptilian succession of two 
series was retained in the anterior part of the jaw. In the 
Edentates and whales retrogression takes place in fins as well 
as in teeth ; it is the first set of teeth that persists, the second 
set being represented by a rudimental row of tooth-caps buried 
in the jaw.* He concludes that there is strong evidence that 
the stem mammals had a uniform number of each kind of 
teeth and a uniform dental formula; that homodontism is 
secondar>% and was actually preceded in time by heterodont- 
ism in the mammalian dentition. 

The ancestral formula for both Marsupials and Placentals, 
according to this author, is: incisors 4, canines and pro- 
molars 5, molars 4. By adopting Rose's suggestion that in- 
cisor 5 of the marsupials belongs with the second series of 
incisors, he supposes that Placentals have lost one incisor and 
one molar from the primitive formula. The paper is an im- 
portant contribution to the interpretation of the method of 
evolution, and must be studied with care to be fully appre- 
ciated ; the author's conclusions are quoted on page 324. 

For the purposes of this treatise a sufficient number of il- 
lustrative cases has now been presented to show where the 
(.'iiiphasis is placed by the facts of geological biology as to the 
true factors of evolution. A ^reat many examples crowd 
themselves upon the attention which must be left for the 
student to investigate directly and in detail. The evidence 
to be derived from the study of living plants and animals is 
so vast, that a special treatise would be necessary to do justice 

* p. 378. 
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to dthcf, and the reader may find many admirable treatises 
Jiving account of this aspect of evolution. 

Method and Parpoie in the Selection of the Evidence here 
Set Forth. — The facts which have been seit-cted in these chap- 
'•■n have been chosen (or the purpose of ascertaining what 
he geological histor>- of organisms has been. 

Examples have been taken and analyzed to ascertain what 
^i.is been the particular law of succession in particular cases 
Ahere the evidence was full enough to be relied upon. If the 
iiUcrjirctation of these selected cases has been correct, the 
principles discovered may be applied to other cases. 

The facts have been examined for the purpose of learning 
■1) what the fossils indicate has been the order of succession 
in the initiation of different forms of organisms; (2) what rela- 
tion this succession bears to the relative importance of the 
ctioraclers in the economy of the individual oi^anism, as 
ihowti by the systematic classification of the Animal Kingdom ; 
and (3) what have been the determining causes by which the 
multitudinous differences in organic structure have been 
brought about. The first consideration in their selection 
was that they should be from among those of which the most 
perfect record is preserved. The cases already cited in cvi- 
'ii:nce arc not selected because they arc the most important 
-xatnples, nor because they illustrate only the most impor- 
unt laivs of evolution, but they arc selected because they arc 
^Ae best examples to show what the geulogical records testify 
^varding the history of organisms. 

^F Diflennt Kinds of Evidence Borne by Living and Foull Orgui> 
^■w. — Living organisms present the best evidence of the laws 
^Bont<^cnctic development, because they furnish illustration 
^Heach stage in the development. A continuous scries of the 
^Bges of development of a single organism is more satisfac- 
^^w evidence of the essential nature of that development. 
^^u would be any number of detached exhibitions of sundry 
^^Ms of development of different oi^nisms. 
^B So it is believed that the evidence borne by a series of 
^^■Bs preserved in each stage of the geological n-CKnl, of 
^HcA ipecimcns arc well preserved and descrilx 
^Bt to the last, and which show the beginning, 
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decrease, and extinction of the type they represent, is of the 
highest value as evidence of the actual order of evolution 
and of the general laws by which differentiation of form has 
taken place. And a few such cases far outweigh any num- 
ber of detached specimens tied together by theoretical links. 

Natural Selection seems Seasonable when Based alone upon 
the Study of Living Organisms. — When we observe living 
animals in competition — the vigorous ones living and the 
weaker dying, the strong overcoming and devouring the 
weak, the large and fewer in number making their daily 
food of the smaller and more abundantly produced ; when we 
note how the places for the greatest abundance of individuals 
are determined by the presence of favorable conditions for 
obtaining food ; and thus, in general, when we observe that 
animals as they are are actually adjusted, each to its own 
most favorable conditions of environment — it seems reason- 
able to draw the conclusion that the differences distinguishing 
one animal from another may have arisen as the result of 
better fitness for the struggle for existence on the part of 
those which survived and carried on the race. 

Having once assumed that the law of evolution is a proc- 
ess in which the chief active determining force has been nat- 
ural selection by the survival of the fittest, it was easy to find 
illustrations of adjustment of structure and function to the 
conditions of environment amonj^ fossil, as has been done 
among living, organisms. 

Every Species of Organism that has Flourished in the Past the 
Fittest for its Place and Generation. — When, however, we stop 
one moment to consider the relations of organisms in the past 
to their own environment, it becomes evident that, at every 
])articular stage in the geological history of organisms, the in- 
dividuals then existing must have been as thoroughly well 
adapted to live under the conditions of their environment as 
the present inhabitants are adapted to live in their environ- 
ment. Every organism that has lived on the earth has in 
some sense been the fittest to live in the particular time and 
conditions it occupied. 

If environmental conditions (outside of organic environ- 
ment) have determined the evolution of organisms, then we 
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t obliged to assume a degree and amount of change in thi 
of which the facts of geology give no evidei 

If the conditions which have changed with the geological 
i^c9 have been the organisms themselves, and they have con- 
-lilutcd the environment, then it becomes necessary to ex- 
: liin the more powerful contestants before their selecting 
1^,'ency can result in the survival of fitter races. 

But leaving aside for the present the philosophical argu- 
::ient, the burden of these pages is to show what is in fact 
:\\K. testimony on these questions furnished by the organic 
jirvrory as found in the best- preserved parts of the record. 

As previously explained, the records which are made at 
lie place and time of the formation of the rocks are those 
"htch must on that account be the most perfect wc can con- 
ult. The rocks bearing fossils are not wholly, but are in the 
:.irgc majority of cases, of marine origin. This determined 
lie selection of the evidence from among marine animals. 
Ihc animals of which the best records could be preser\-ed in 
■.Jic rocks are those secreting hard parts — shells, or corals, or 
.-imilar parts; hence the examples have been taken chiefly 
::um the corals, xW Mollusca, and Hrachiopods. 

The Oeol^ical Evidence doea not Emphuite the Importance of 
Satnral Selection as a Factor of Evolation. — What has already 
--■en said is sufficient to show that the emphasis of the 
i-stimony brought forward differs from the emphasis drawn 
<\- the crabryologist, or by the student of living organisms, as 
' < the relative prominence of the several factors in the evolu- 
jonat history of organisms. 

That which has seemed most conspicuous to the latter 
.lass of ohser\'ers has been the intimate relationship existing 
iictwecn morphological difference and environmental condi- 
'i.>ns: palcontological facts point to the greater importance 
1 the continuous and progressive process of different iation 
■ad specialization of structure and function with the passage 
I geological time. 

Tbe law of natural selection, suggested to explain the evo- 

1 from the first point of view, calls for an exlrenu ly 
p of modilication, but uniform and continuous. Tlie 
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^H^ritical points, with long periods of almost absolute cessation 
^Vof progress ; and suggest that the part played by what is called 
"^^ natural selection has determined rather the particular indi- 
viduals and the place and time for advance steps, than, either 
the direction of the steps themselves, or the relative value of 

Pthe particular modifications in relation to continuation o( the 
race, which have taken place. 
The study of the actual facts of the geological history of 
organisms points unmistakably to a course of evolution by 
descent, in which the progress attained by each succeeding 
form was a paramount condition of the origin of the ncxi 

I member of the race. 
Objection may be taken to an argument based on so \vk 
examples, I think the force of this objection will be lessened 
when we bear in mind that the examples were selected pri- 
marily because of their fitness to testify upon the points in 
question, viz., the law of the history of organisms, the nature, 
the rate, and the order of modification of form, which oi^n- 
isms actually undergo in producing that divergence of specific 
forms observed at any particular stage of the history. 
It may be said that the particular kinds of animals select- 
■ ed do not fairly represent the total life of the world. To lUs 
objection the reply may be made that a full quota of diversity 
of specific forms has been attained by the races cxaminedi 
and the chief question before us is. How has that divcrwty 

If the facts we have examined do not support the hypolli- 
esis that the chief factor in organic evolution is either external 
^1 enviioniiiLnt or natural selection, it is not on account 
^H lack of fitness to testify on this point, if it were true. 
^H The facts examined — and we believe that fuller e; 
^H'tion of other statistics, both fossil and recent, will support 
^H' the same conclusion — show that evolution is rather an intrinsic 
^H law of all organisms, and is to be discovered in the phenomcsu 
^^K of variation, which appear to be constantly active, rather than 
^^Hin any accidental operations dependent upon the conditions 
^^ftof external environment. 

^^1 The emphasis is placed upon the intrinsic rather than the 
^^t extrinsic factors of evolution, as the actual detcrminant« of 
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i attained by evolution in specific, generic, 
higher orders of differentiation. 

A Statement of the Laws of Evolution Emphaiised by FouUi.-^ 
I iiniilysis of the fiicts reyardinjr the nrdcr of succession an^ 
i)ticaticin of organisms derived from this critical study c 
[U suggests the following to have been some of the ch 
' of the evolution by which the present conditions of t 
inic world have arisen : 
,(st) An orderly succession in the geological history < 
. inisms, which in the main has resulted in an increasiil| 
Tcntialion of structure and specialization of function v 
progress of geological time. The general name for thi 
<;ss is evolution. 

-■d) While the whole organism is concerned in this cw 
.:i, certain parts of an organism (or certain of the 1 

R characters) rxhihit the civlution morr rapidly than d 
\rts or characters. 
When these characters are arranged in the order c 
r-:iuvc rank of importance in the economy of the organism 
characters of least importance (the varietal and spccifij 
I iclcrs) exhibit the evolNtton most constantly and persist 
. i . but at a very slow rale, chronologically considered. 
4th) The characters of higher rank (the branch, clai 
■ Minal. and family characters) xverc relaliivly more t 

■ tpressicn of their initial e%-olulioK and thereafter j 
Vittanl in each successive race. 
tb) These two tendencies are expressive of the ' 
' ''iamental laws of evolution — variability and hcrcditj 
■:.tbiliiy is recognised as a common law of organism, 
iing to which, in the ordinary process of gcncratioid 
M changes arc continually taking place in the morpholo 
I caturcs of the offspring as compared with the parent fora 
Heredity is a common law of the organism, according 
\\ a character once acquired in the parent tends, in tU 
< csft of ordinary generation, to be repeated with increasin 
isiun, and to result in the transmission of characters witq 
Lhange from generation to generation. The process < 
ition is the combined result of the interaction of these tm! 
•6 oi tlie oi^nism. 
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(6th) The mode of the evolution consists in the acquir-e- 
ment of new characters by variation, and in the acceleratf^c^n 
or the retardation of the development of characters alreacfy 
acquired. 

(7th) The cause of the evolution is of a twofold nature — 
extrinsic and intrinsic. 

In the first case, extrinsic evolution, the direction and 
specific character of the modifications appear to be determined 
by the conditions of environment — using that term in its broad- 
est sense for all the outward conditions of life in which the 
individual organism finds itself after birth. Adjustment of 
the organism to the environment, struggle for existence^ and 
natural selection are the terms under which extrinsic evolu- 
tion is commonly defined. 

The intrinsic cause of evolution acts previous to the indi- 
vidual birth, and it seems to be at the foundation of varia- 
bility. The mode and manner of expression of this kind of 
evolution are more difficult to define than in the case of ex- 
trinsic evolution ; but the facts of Paleontology clearly indicate 
that such a cause exists, prior to the morphological appear- 
ance of each individual and species. 

(8th) In this discussion classification is recognized as an 
orderly and epitomized formulation of the facts already known 
regarding the extent and kind of differentiation actually at- 
tained in the evolution of the characters of organisms. The 
statistics of classification are therefore available for expressing, 
numerically, the relations existing between organic characters 
and time and place; and it is observed that the numerical re- 
lations of the different kinds of organisms to the time and the 
j)lace of their appearance point with overwhelming force to 
the conclusion, that acquirement of morphological difference 
is co-ordinate with both the passage of geological time and the 
divertrence of the conditions of external environment in which 
the organisms have lived. 



CHAPTER XXI. 

PHILOSOPHICAL CONCLUSIONS REGARDING THE CAUSES 
DETERMINING THE COURSE OF EVOLUTION. 

What ii the Philosophy of Evolution 1 — Statement of the Case. 
— In the foregoing chapters a few of the prominent facts re- 
garding the history of organisms have been examined, 
and the primary conclusion from their study is that 
the method of acquirement of all that is characteristic of 
organisms has been evolutional. Evolution is a matter of fact 
in the description of the history of organisms ; but there re- 
main for consideration the questions, Why should organisms 
express a law of evolution ? and, What are the immediate con- 
ditions determining the particular steps of evolutional his- 
tory ? and, finally. What is the rational philosophy of evolu- 
tion ? 

The theory of natural selection may be so applied as to 
lead to the philosophical belief that difference in the condi- 
tions of environment is the primary cause of the differences 
expressed in the form and functions of organisms; and sec- 
ondly, the theory of the unchangeableness of matter and the 
universal conservation of energy may be carried so far as to 
lead to the belief that in the matter of organism, under the 
names germ plasm^ biophorSy pangcnes, gemmuUs, physiological 
units^ or some other names resides the power and potency 
of all that is evolved in the course of the total history of 
organisms. 

Are these beliefs incident to the proposition that evolu- 
tion is a fact in nature, or is there a philosophy of evolution 
which more completely recognizes the whole body of facts in 
the case? 

The Point of View. — If we were to discuss such a commo' 
tipfMC aa the weather, we would ftnd iVvaV, ^\0\om^ 
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body has his notions as to the cause of the various changes in 
that very variable phenomenon, the likeness and differences 
in the theories advanced are determined primarily by the 
point of view in relation to land and water of their advocate. 
Land and water are sharply contrasted, natural and familiar 
phenomena; but the Bostonian is accustomed to look to 
the eastward for his ideal expanse ol water, and for him the 
land extends from the solid terra firma upon which he walks 
for unmeasured miles to the westward. The man of 
St. Louis is familiar enough with land, but the ocean is a 
foreign thing to him; it does not come into his ever>'- 
day reckoning. At San Francisco the Bostonian *s notions 
are simply reversed; the point of view is totally different. 

Residents of these three cities, unless they were to ad- 
just their definitions to the points of view of their compan- 
ions, could not talk about even the weather without constant 
misunderstanding. 

The Act of Evolving as well as the Order of Events Included in 
the Discussion. — In the same way it may be said that some of 
the chief misunderstandings and differences of opinion regard- 
ing the problems of evolution are due to a failure to appreci- 
ate the differences of philosophical attitude from which the 
matter is viewed. 

Rvolution is concerned with two very distinct fields of 
human inquiry'. On the one hand, evolution is the name for 
iJic fi (if lira I order of uu folding of the characters of organic be- 
ings that have lived on the earth ; on the other hand evolution 
is the n;unc fc^r our conception of the mode of operation of the 
fundamental energy of the universe. Thus it will be seen that 
tlie notion of (icxl is as intimately involved in a discussion of 
evoluli(Mi as is the notion of organism; in elaborating the 
definition of the one we consciously or unconsciously elabo- 
rate our definition of the other. W'e are obliged to consider 
tlie act o{ evolving as well as the results of the evolution. 

The Course of the Discussion. — In the present discussion 
the reader has been led step by step from the detailed, sta- 
tistical description of actually existing objects of nature, in 
their relations to time and space and to each other, through 
the consideration of their classification on the basis of order 
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"angcmcnt, proportion, and intricate relationships of struc- 
\ and function, up to a consideration of the scientilic ex- 
nations proposed to account for them. We have passed 
rom the promiscuous array of facts, through analysis and 
ivatcmatic classification, to the reasons for the classification 
I and ihc interpretation of the meaning of it all in terms of 
force and cause. 

Su long as we deal only with sequence of forms, and con- 

I ihIct only the relation of particular forms to particular pLices 

D the scries, evolution is simply an analysis of the order of 

When we step one side or the other of this simple 

l^ptoccss of the narration and classification of facts and events, 

*e leave the field of scientific observation and are dealing 

vith the principles of causation. It is useless to disregard 

the philosophical side of the study of nature, and it is a mts- 

lAken notion to think that those who spend their time in 

•measuring and recording phenomena have no need to con- 

«dcr the meaning of such terms as cause and effect which 

elude actual observation. 

f Darwin'i Origin of Species Centres its Interest in the Beanh for 

^UflMan. — Danvinisni is an attempt to find a cause for the dif- 

^■feftnces in form and function observed in the organic world. 

Bbd the search for this cause has aroused a world-wide interest 

!r. ubwrving and recording the phenomena of nature ; but the 

■mI stimulus inspiring all the investigations has been the cx- 

-ctation of discovering somehow the true cause of these 

ijngs in some visible, tangible and describable form. Origins 

id creations have been said to be discovered in the search, 

It the calm philosopher knows full well that the origins 

'Tcribcd have been only apparent origins; they have IM|H 

' iched Co the essence, or to a fundamental explanatioa ^H 

iture. ^H 

The Svolntional Idea of Creation. — It has been supposed by 

:!.tny that evolution is intrinsically antagonistic to, and has, in 

: I , rirpbced the creational conception of the origin of things 

Aiirid. In one respect this is partly true: the new 

-■ fundamentally changed the conception of creation. 

n has K'^'^^ii ^* another notion of God. In the 

■-■ption God was an artificer making organisms out of 
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inorganic matter directly, as one might build up a vessel of ^ 
clay and then vivify it. The new conception of God as creator > 
finds its concrete, empirical representation in the act of ex- \ - 
pressing a thought or purpose into the spoken word. Creation i 
is the phenomenalizing of will, so sublimely described in that — 
ancient formula, In the beginning God spoke and it (the whole -- 
phenomenal universe) became. \ 

The origin of the universe is thus the becoming phe- ' ' 
nomenal of an eternal purpose; the only alternative is to i" 
deny all origin, and to assume that the phenomenal universe 
itself is eternal. 

Evolution the Mode of Creation of Organic Beings. — And, as 
we have seen, the great distinction between organic and in- 
organic matter consists in the evolving of the organic characters 
in an appreciable and often very slow course of time; whereas 
the qualities of inorganic matter were originally committed to 
the particular matter, which has continued to exist from the : 
beginning without change. 

The slowness and continuity of the process of organic evo- 
lution is thus an evidence of the continual presence of crea- 
tive energy in the world, and the permanence of qualities of 
inorranic matter is evidence of the ultimate distinctness be- 
twccn the created and the Creator. The human mind is 
utterly incapable of accounting for intrinsic differences in the 
universe except by conceiving of some mode of their origina- 
tion, and we have not explained their origin by simply saying 
that they have evolved. 

The change which the speculations of the last fifty years 
have wrouirht in the notion of creation has been a most im- 
ju^rtant and radical one. There has been substituted for the 
old idea of an artificer constructing a machine out of materials. 
with the addition of his making his own materials out of 
nothing, the higher conception of the transformation of a 
».on>citnis purpose into physical action — the visible expression 
yA invisible will. 

The Properties of Matter Coexistent with it, and either Eternal 
or Created. - I he new notion of creation does not include the 
idea ot the making of something out of nothing, but it does 
\\u\in thai what has exislcd vvUcAdv m cue state of beingr 
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I'fcfch we describe under the simile of purpose of the eternal 
ind) becomes expressed in another realm of existence (which 
k describe in terms of form and function of living matter). 
j When we define matter as being of various elemental 
Iheir differences being expressed by their behavior 
ider sundry conditions, and called properties or qualities, 
& proceed on the assumption that these properties are char- 
ileristic of the particular kind of matter, and have been from 
I first existence, so that there is no evolution : the properties 
t cither eternal or were immediately created as they are. 

In the case of organisms it docs not free us from the same 

bdusion, if we liken their characters to the properties of 

'. and imagine that there is some original endowment of 

renccs which gradually finds expression by evolution. 

\ If wc attempt to treat the characters of organisms as if 

were properties of matter, we are forced to imagine 

EDitc and inconceivable ultimate units, like atoms, of which 

■ original organic matter of ancestral organisms was com- 

d. and it has been found necessary to endow these units 

I qualities of persistence and definition, of will and detcr- 

-nination, of power over the environment in which they reside, 

ind of judgment of the value of the to-be-attained morpho- 

' -i^ical structure and functional activities of the organisms, 

viiich in the creational idea are ascribed to the will and mind 

■f the Creator, 

Any one who is not already prejudiced against the notion 

f God cannot fail to sec in the theistic view of the Creator, in 

- Iiirh ftemal will and purpose constitute the powers .ind potcn- 

'•. of phenomena, a more rational and satisfactory 

■'. the universe than the materialistic view in which 

.::. powers and potencies, invisible and infinitesimal, are 

..lilr to he the endowments of an infinite number of undying, 

ktcnninant, iirg.inic units. 

KvolutlDn does not apply to the Mode of Becoming of Chendcal 

4l7aical Fropertiet of Matter, bat is the Dirtinotive Charactensttc 

[w.— In the case tif clicinicil ,ind physical proptrtics, 

biiecl to particular material things and on iht- :t-;-!Jtu[>:I<iTi 

\ is not eternal, their cre.ition can be on : 

WJi immediate, since our vihoVc «c\e(\< 
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and chemistn- is based on the assumption that these properties 
persist without change. 

But in the case of organisms their characters are constantly 
chani^ng, and evolution as a theor>' is based upon the assump- 
tion of not only constant but progressive change. The origi- 
nation of the organic characters was not done all at once, but 
evolution as the mode of creation of organisms has been more 
or less continuous throughout the geological ages. It is this 
continuation of the process of phenomenalizing that distin- 
i^uishes the mode of creation in the organic realm from that in 
the lower realm of inorganic matter. Whatever is character- 
istic of ori^anisms was not created at once in any remote be- 
i:i:i:iini::, but has been unfolded by degrees, and there is no 
reason for supposing that the process is not still going on. 
Such expressions as **eflfort/* ** growth force," ** conscious 
enJ.eavor, '* reactions, ** producing modification." ** deter- 
mination, * •* memor}-, ** etc., used in describing the phenomena 
of evolution, all express the notion of the pre-existence of 
some unphenomenal property, or power, or potency, which 
constitutes the ciuse of the particular characters which are 
ac».:iiired by organisms in the process of their evolution. 

The Evolutional Idea an Enlargement of the Conception of Ood 
as Creator. — i.>n the assumption that the ideas of creation md 
Creator are fundamental to a rational explanation of the 
universe — and such an assumption seems to be a logical neces- 
sity to account for any intrinsic heterogeneity — we observe 
that the effect of addini^ the idea of evolution to creation en- 
lari^es the conception ^:^{ creation by making it a continuing 
process instead of an ancient act. and brings God into the 
midst kA the j^resent universe. 

The purpose of the living God then becomes immanent 
bv continuously phenomenalizing itself into living form. God 
tluis becomes a living, present, active reality in the existing 
universe, and the course of the evolution of organisms be- 
comes in a true sense the historv of creation. This term 
*• Schopfungsgeschichte '* was chosen by Haeckel for the title 
of his treatise on the laws of evolution, and in one of its 
closing chapters he acknowledged that there are only two ways 
of accounting for the original organisms — spontaneous genera- 
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t) or creation.* Both of these hypotheses are alike in recog- 
bng that nothing in the visible universe is capable of account- 
[ for the properties of living matter. 

I Evolution as an Account of the Course of the History of Creation 

a npon the Older Idea of Arbitrary Creation, but not a Satisfac- 

r Substitute for Creation. — Evolution as a theory of the mode 

I the orderly appearance of heterogeneity among organisms 

K great gain upon the older theory- of creation, which found 

I natural or regular method in the history, but only an 

bJtrary and unfathomable complexity and heterogeneity. 

That this order of sequence is correlated with genetic 

' ncccssion, and is thus bound up with the organic nature of 

evolving beings, is a most rational inference from the 

s observed. 

^ But evolution as a theory of origins, as an attempt to ex- 

1 why thinirs are as they are, as a philosophy of the cause 

\ nrganic diversity, is an utterly inadequate substitute for 

"trcalioH. And we find the most zealous advocates of pure 

scientific observation unable entirely to avoid the inquiry Why 

irc things as they are? 

Consideration of Causation Indispensable to a Thonghtfal Btndy 
■f Balore,— In our studies we may for a time confine our 
.■■Lri-.:..n to the " course of nature," entirely excluding all 
- i. i.ition of matters not pertaining strictly to definition 
..I.. 1.; i:-^ilkation of the facts actually observed and measured; 
\i\xv M>oncr or later wc must think, and when wc think the 
question of cause, and the nature of the relation of cause and 
:!lcct, inevitably arise. 

A scientist, so ardent for the elimination of everything un- 
-rscntific from science as Mr. Huxley, was not unconscious of 
:.jmcthin(; beyond, as is illustrated by the following quota- 
tiiMis- 

In the admirable study of the "crayfish" as a tj-pical 

ori;.inism wc find the following definition: " The iimrse of 

■ [ it is, as it has bc€n, itnii as it ti'tll /k is tkf inject of 

inquiry ; •mhaScx't-r lies bryond, aiavf, or Mtm- this is 

-u'HCt ;" but such a definition only follows the state- 
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ment that * * the phenomena of nature are regarded as one c<m' 
tinuous series of causes and effects, and the ultimate object of 
science is to trace out t/iat series J"* . . .* 

And in the same essay the remark is made that ** Under one 
aspect the result of the search after the rationale of animal 
structure thus set afoot is Teleology, or the doctrine of adapta- 
tion to purpose ; under another aspect it is Physiology ^ 

If we admit into the discussion of science the question as 
to the causal relation of one thing or event to another, the 
consideration of a supreme cause necessarily comes into 
the case. As is tersely phrased by Whewell : **/« contemplating 
the scries of causes which are themselves t/ie effects of otJier 
causes^ zue are necessarily led to assume a supreme cause in tfte 
order of causation, as we assume a first cause in the order of 
succession y\ 

Causes not Discovered by Observation, but Discerned by the 
Reasoning Mind. — In the scientific study of organisms it is 
possible to separate in our minds the act of observation from 
the act of the associating one observed fact with another as 
cause and effect. It is one thing, however, to observe, note, 
measure, define, and classify organisms and their structures and 
functions, and quite another thing to state that a particular 
structure and function is caused by a particular preceding 
structure and function or by any other preceding conditions 
of the world. 

For instance, there can be no dispute that the heat of the 
sun, the various conditions of moisture, of air and soil, inci- 
dent to the spring season, are the direct causes of the leafing 
out of the elm-trees on the street side; but it is far from 
the truth to say that these conditions of environment have had 
any causative agency whatever in producing the elm leaves, 
when the elm leaf is considered as difTering from a maple 
leaf. The mere association of two phenomena together does 
not determine the one to be the cause of the other. 

The fact that we are familiar with and understand the 
effects of heat and moisture, and do not understand the oper- 
ation of the more hidden biological forces, does not influence 
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1 the decision that the sun, while it is the cause when 
(. oi the development of the leaf, is not the cause when 
eak of the particular course of that development. 
hen we seek the cause of the changing of the characters 
br^antsms in the course of geological history the same 
toning applies. 
he fact that an infinitesimal pari of the dil^erences in the 
characters of organisms is an expression of adaptation to the 
iInmc^diate conditions of its local and temporal environment 
docs not suffice to prove that the environment is the cause of 
1 the adjustment. 

The determination of the true relations of cause and 
t in nature is therefore not a matter of observation, 
pret.ttion of cause is founded upon the philosophy 
f in the interpretation of the course of nature, 
I Ability to Adjust the Organization to Conditions of Envinm- 
pt a Chief Element in the Fitness for Snrvival^lt is un- 
wbledly true that the fittest do survive, but too much is 
Fmadc of the theory that fitness consists in precision of adjust- 
aicnt of organic structure to conditions of environment. If 
lis were true the less variable would be more fit than the 
ntDrc variable, and the result of survival would be the cessa- 
tion of variation; whereas it is probably much nearer the 
rrjth to say that fitness to survive is in almost direct propon 
• n to the ability to vary, 

Darwin did not find it essential to inquire why va; 

kc» place: variation was assumed to be a common 

;:c life of organisms, and it is one of the chief factors of 

volution. But when we push the question, why \\as a par- 

ular variation arisen, become abundant, and been trans- 

.ttcd from generation to generation? we are forced to 

,c conviction that the primal characteristic which distin- 

iishes it from its unsurviving fellows is its greater capacity 

modify its structure, function, and habits into fitness (or 

jc particular conditions of environment. It ts the greater 

."-^ility to adjust, not the closer adjustment of structure to 

■ ivironmcnt. which constitutes the higher fitness to survive. 
.\n organism is the fittest to survive, not because it has less 

■ □ oppose it, or less to overcome, not because the con^K 
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tions of life are easier or more congenial to its part'cular con- 
dition, but because it has more of the essence of evolulioaii 
it. 

The Fhilosophy of Evolution: a Stunmary. — It is this 
evolution which the geological history of organisms emphasizes. 
When we look back historically to the early geological ages, and 
not assuming that we have reached the beginning, but allow- 
ing that there may have been as long a stretch of time before 
the Cambrian as since, for organisms to evolve in, — when w* 
compare the rate of initiation of characters of higher rank 
with the rate of initiation of varietal or specific rank. —we 
find it to be a striking fact that relatively the initiation of 
higher characters predominated in early times, and as limt 
went on differentiation in each line was confined to characteis 
of less and less taxonomic value; to use the oft-cited figure of 
a phylogenelic tree, all the main branches dichotomized near 
the roots of the tree, and as we advance chronologically 
toward the present the branching has been confined to 
secondary and tertiary limbs and terminal twigs. Although 

;ch a tree is used as a figure of the way in which diflcn-Tilia- 
tion has arisen, it seems never to have occurred to those 
adopting this analogy that alj the branching of a tree is 
peripheral, at the very terminal twigs. The bifurcation of 
two contiguous twigs bfcoirics the main crotch of the ininic 
only by the circumferential growth of the twig into a great 
limb; but does any one imagine that the difference betwcd 
Crustacean and a Pteropod was in any particular of Itss 
taxoHoinic i-alue in the Cambrian time than it is now? or has 
the difference between two species of Silurian Khynchoncllas 
become of any greater significance by the continuous evolu- 
tion of the Brachiopods up to recent time? No; natural 
selection only works at the adjustment of varietal modifications 
|in making them permanent, or in dropping them out of the 
race; and the mere transmission of an insignificant character 
from parent to offspring for a million generations cannot in 
itself have the least effect in raising the economic impor- 
tance of that character among the functions of its putuiessoF. 
"X is this view of the case which shows natural selection to be 

It one of the phenomena incident to evolution, and not the 
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~ "1 factor in the case. Tlie same force which is expressed 
;in: appearance of the new variation in the first place is 
-ired to account (or the appearance of the new generic, 
nirw ordinal, or the new class character. This force has 
n distinguished as intrinsic evolution ; it is expressed in 
iiion itself, which is the chief factor assumed in the 
'Ty of natural selection. The nature of the force is ex- 
-scd in the term blastogenic of Weismann, and in the term 
''sfugal, as used by Poulton; but whatever it is called the 
irtance of the distinction hes In the fact that the selection, 
- jincservation, or tht transmission of a character does not 
unt for its origin. 

Evolution is thus seen to be a process that is primal 
mic: it is expressed In the acquirement of new characti 
le course of growth by living organisms; and wc may 
-mably speak of evolution force, as of the growth force 
individual, or the force o( gravitation. As the 
of growth of the individual arc thwarted and diverted by 
.rnal conditions, so undoubtedly a greater or less modifica- 
:ion of the course of evolution has been produced by the 
^^Rttons of environment. 

^^Vhcn we attempt to explain the course of evolution by 

^^BI6 ** backward from the differentiated, adjusted organ- 

Hn to their ancestors, it is natural to place great importance— 

tpon the fact of the accomplished adjustment of the indlnl 

-idual to its particular environment; but when the. point pfl 

■■'■■ is reversed and the organism is traced from the earllflB 

logical periods through the ages down to the presei^| 

.-, the conviction becomes impressed upon the student th^H 

irnnnicntal conditions arc but the medium through ivhi(^| 

nfganic evolution has been detcmiinatcly ploughing i^| 

^^■ffcrentiation of form and function has been the cxpre^| 
^^Bf vitality, and environment is never exhausted. VVi^| 
^^Kcapying of unexplored fields has come di%'crgcncc an^ 
^^Mpcaiance uf new form and structure; progress has not 
^^Bnade in overcrowded fields by the survival of the fittest. 
^^HMArding of the field has led to dtmion and co-ordau^ 
^^h1*2>0'- Ail die in due time, and t!hu&«tidVEvt4UDa^^H 






ion, 
not I 

m 
m 



382 GEOLOGICAL BIOLOGY. 

but they who could best adjust themselves or their actions to ; 
adverse conditions were the fittest while they lived, and it was 
they who diverged. Those expressing more strongly than 
their fellows the originative energy of life itself are the ones 
to push forward and furnish the surviving and persisting mem- 
bers of the race. The pioneers, the skirmishers in the front 
line, are those among whom appear the founders of new spe- 
cies and new races, as with men they are the makers of new 
nations and of higher civilization. 

Thus evolution has been working in the midst of the races 
from the earliest recorded times; in each line it has been 
regularly progressive in its order, everywhere advancing as 
rapidly as the conditions already attained have rendered it 
possible. 

The great facts attested by geology are that the grander 
and more radical divergences of structure were earliest at- 
tained ; that, as time has advanced, in each line intrinsic 
evolution has been confined to the acquirement of less and 
less important characters: such facts emphasize with over- 
whelming force the conclusion that the march of the evolu- 
tion has been the expression of a general law of organic 
nature, in which events have occurred in regular order, with 
a bci^inning, a normal order of succession, a limit to each 
stai^o, and in which the whole organic kingdom has been 
mutually correlated. 

In closing, an illustration may be used to emphasize the 
real points at issue. 

Suppose a handful of lead shot were placed in a blunder- 
buss, and the whole load discharged at a burglar climbing 
into niv chamber window. 

The individual shot, originally of globular form, would be 
found at the end of their journey of various shapes and in 
various positions. Some of them would have travelled till 
tlu y expended their force and dropped to the ground in the 
distance comparatively unchanged; others would be slightly 
distorted by impact upon the soft clothing or flesh of the 
intruder; others would be flattened by meeting the resist- 
ance of bone; a few would be stamped with the shape of 
50/nc brass button, sur(acc o( tvavl-head, or some other im- 



PHTLOSOPHtCAL COA'CLUSIONS. 383 

l»le substance against which they had struck. All the 
btions of the separate shot, their particular stopping- 
Ef rest, in fact every particular of the shape, condition, 
ption finally assumed by the shot, would in greater or 
iurc be the result of the influence upon them of the 
s of the environment. 

e immediate conditions of environment in which each 

! was found would appear to be a sufficient cause to ex- 

n the particular modification of that shot from its original 

;)lc globular condition. The exact repetition on the shot 

vinij the brass button of its particnlar form would seem to 

iufficicnt evidence lo prove that the one cause of the form 

:med was the adjustment of the shot to the conditions of 

■. ironmcnt. The fact observed is the actual perfect ad- 

nt of the lead pellicle to its conditions of environment; 

;justmcnt is interpreted as an expression of equilibrium 

i.n the moving pellicle and the resisting environment, 

Ilc interpretation leads to the theorj- that the modifica- 

* the resultant of natural selection among the numerous 

xpressed in the resisting obstructions to the oiicc 

When we use results in this .sense it is evident 

: causes are various and of various values. There is 1 

J energy expressed in the properties of the explosive 

L the directive force expressed in the barrel of the gun 

uideathc explosion in one direction; and there is the: 

jhe gun made by the man shooting it, and even be-' 

is the mental direction of the muscular action.] 

f these was a determining cause in bringing about thej 

of the pellet, and in accounting for the distribution and'{ 

1;; of the shot each was a cause of greater impurtaiicej 

he particular conditions of its place of final rest. I 

T hough it is scientifically true and accurate to define ihej 

LiUr fiesli, bone, button, ornail-hc.id as determinants w, 

■e about the final result of the motion of the lead pcU' 

Hugh space, their actual and relative positions, and the 

Bwy finally assume, these conditions of environment 

Hcauses o( diversion from the direction, position, and 

H^atribution which were determined before the en>, 
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The reason why each individual pellet stopped exactly 
where it did is correctly defined as the result of its particular 
environment, but the reason why it got there is not so 
explained. So it is not difficult to understand that as long 
as we only microscopically examine the perfect adaptation 
of organic structure to the particular place it occupies in 
nature, the theory that species were originated by the ac- 
tion of the conditions of environment through natural selec- 
tion and the survival of the fittest seems sufficient and apt. 
But when we consider what an immensely greater demand 
is made upon causative energy to account for variability, com- 
pared with that required to adjust to its environment an al- 
ready living and varying organism, it becomes evident that 
evolution is a far greater matter than the result of natural 
selection. 

To use the same illustration, we note that the fact, that 
the lead pellets are observed in the act of travelling through 
space, and finally stopping as they strike the resisting 
bodies, does not remove the necessity of assuming the initial 
explosion of the powder and the aim of the gun to account 
for their motions. 

So were we to lengthen out the gyration of organic 
plastidules, or biophores, a million million years, continuously 
holding on to their original powers and potencies for all that 
time, we are not relieved in the least from the logical neces- 
sity of endowing them at the outset with the real directive 
energy which phenomenally expresses itself for the first time 
when the finally adjusted organism appears. And the incre- 
ment to organic structure expressed by their final bursting 
into morphological reality, after travelling unobserved but 
potential through the organic matter of countless generations, 
is as much a result of creative energy as if a new species were 
to arise out of the dust of the earth. 
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Ability of adjustment, 379. 

Abysmal zone, and ctenobranchina, 
138. 

Acadian revolution, 42. 

Acceleration of development, 319; 
and retardatjon, 197. 

Accounting for variability, 198. 

Acme of life-period of genus, 293. 

Acquirement of characters, 252: of 
di£ferencesby modification, 344; of 
permanency, 198, 296, 299; of va- 
riation, 158. 

Act of evolving and order of events, 
372. 

Actinimeres, 222. 

Adaptation to environment, 114. 

Adaptation of Cyclobranchina, 141; 
Aspidobranchina, 141 ; Pteno- 
glossa, 141 : Rachioglossa, 141 ; 
Toxiglossa, 141 ; Rhipidoglossa, 
141 ; Tznioglossa, 141 ; Siphonos- 
tomata, 141 ; Holostomata, 141 ; 
families of Gastropoda, 142 ; gen- 
era of Gastropoda, 142 ; of gen- 
era with restricted specific ad- 
justment. 142 : and taxonomic 
rank, 148. 

Adjustment to environment and 
time. 117; to changed habitats, 139; 
closeness of, and rank, 142; con- 
cerns varietal characters, 143; and 
structure, 147. 

Adolescent, 94. 

Adult, 94. 

Agamogenesis, i6q. 

Ages, geological, 26, 69. 

Age of earth, Dana, 58; Houghton, 
59; Kelvin, 58: Clarence King, 58; 
Upham, 59; Wallace, 60; of Fishes, 
26; Invertebrates, 26; Mammals, 
26; Man, 26; Reptiles, 26. 68. 

Algonkian. 30. 

Alluvia] formation, 13, 19. 

American continent and revolutions, 
46; geological history, 25; school 
of evolutionists, 197 ; spirifcrs. 
range of, 313. 

Amoeba, 221, 165. 

Ammonites, and formations, 28. 

Ammonoidea, a description of, 345. 

Anabolism. 177. 

Analogy and analogous parts, 227. 



Analytic and synthetic methods of 
classification, 238. 

Ancestry, definition of, 120; and en- 
vironment, 98; and environment, 
as causes of evolution, 119; and 
the beginning of the individual, 
120; and hard parts, 98; and ori- 
gin of species, 127. 

Ancient notions of geology, 11. 

Ancylobrachia, evolution of, 256, 
263. 

Angeschwempt Gehirge^ 13, 16. 

Angulatus zone, 68. 

Animal kingdom, classification of, 
201. 

Antimeres, 222. 

Antiquity and distribution, 144; of 
individual characters, 190. 

Appalachian revolution, 34,40, 42. 

Appearance, hrst, of new characters, 
267. 

Archaean, 14. 

Archetypal structure, 233. 

Area, 70. 

Aristotelian species and genus, 200. 

Anhromeres, 224. 

Arthropoda. definition of, 204. 

Arihropomata, evolution of, 256. 

Astacus /iuviatilis, development of, 
180. 

Astra-idit, rate of differentiation, 85. 

Astronomical time estimates, 56. 

Atavic, g4. 

Athyridie, 279. 

At/tyris, 286. 

Atrypa retiiuhiris^ life-history of, 
315. 320. 

Atrypidi£, 279. 

Attainment of diversity by cell, 165. 

Auxology of Bather, 94. 

AvicL-nus, II. 

Axes of spiral cones, in Helicopeg- 
mata, 2S7. 

Azoic, 22. 

Bather, and the term Auxology, 94. 
Baihniisni, or growth force, 197. 
Baihmology, Hyatt, 94; Cope, 94. 
Bathybic Plankton, 116. 
Bathymetric zones, 117; and Cteno- 

branchina, 137. 
Beginning of individual life^ 220. 
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Benthos, abyssal, Ii6; littoral, Ii6; 
sessile, Ii6; vagile, Ii6. 

Bilateral symmetry, 222. 

Biological, classification, 28; nomen- 
clature, 24. 

Biology, zoological and geological, 
98. 

Bionomy of the sea, Walther, 116. 

Blastula, 172. 

Bonnet, and theory of mutability, 

151. 

Botanist, method of, 5. 

Brachidium and loop, 282; structure 
of. 280. 

Brachiopods, and acquirement of 
characters, 252; and evolutional 
history, 239: described, 244; life- 
history of, 277; zone, and Cteno- 
branchina, 137. 

Brephic, 94. 

Brongniart, Cuvier and, 12. 

Bryozoa, described, 244. 

Buckman. hemera of, 68. 

Budding, agamogenesis by, 169. 

Cainozoic. 22. 23. 

Calcified loops of Brachiopods, 267. 

Cambrian. 30; ancestors and char- 
acters, 25S: characters of living 
Brachiopods, 258; differentiation 
in, 20<). 

Carboniferous, 30: age, 26, 30; group, 

Catabatic. 04. 

Catastrophe. II. 

Causation and evolution, II9: legit- 
imately liiscussed, 377. 

Cause of varying order of sedi- 
n'.ents. 73. 

Causes. di>cerne<i not observed, 37S; 
>earch l«»r. 373. 

Cell and molecule, 166; an organ- 
ism, 174; division, 165; modifica- 
tion, three modes of. 165: niove- 
menl. K'?; multiplication, 165; nu- 
cleus. 1^)5. 

Cells. or^;anism an aggregate of, 
i(>4. 

Cell, the undifTereniiatcd, 221; wall, 

*' Centres «»f Creation." Forbes, 128; 
of distribution, specific, 114. 

Cejihali/ation, princi{)les (»f, 226. 

Cephaltipnila. described, 245. 

Cephalopods. evolution of, 325, 342; 
structure of, 329. 

Chanj^e. incessant in living organ- 
isms, i()4; in fossils, with time, 
83; of functions in ontogenesis, 
95; of function, none in phylogen- 
esis, 95. 



Characteristic form of fossils, 83; 
fossils, 68, 75. 

Characteristics of primitive mol- 
lusk, 327; of the genus, 293. 

Characters adjusted to environment, 
13S; evolved since Cambrian, in- 
significance of, 218 ; of new species, 
not all new, 191; traceable to Cam- 
brian ancestors, 258; whose origin 
is traced back to Cambrian, 212. 

Checks to increase, in Darwin's 
theory, 194. 

Chemical and physical properties 
not evolved, 375. 

Chemical element, k66. 

Chemung group, 67. 

Chronological periods, 29; scale, 7; 
succession, 24; value of groups of 
genera, 88. 

Chronology of rocks, laws of. 76, 

Ciliary motion and cilia, 228, 229. 

Class characters, evolution of. 266. 

Classes, geological range of. 206; 
importance of, in Paleontology, 
205. 

Classification, meaning of, 130; of 
functions. 177; of Mollusca, Lan- 
kester, 246; principles of, 200. 

Classification, terms of, Aristotle, 
200: Cuvier, 201; Linn6, 201; Sca- 
liger, 201. 

Classifying stratified rocks, 65. 

Classis of Linn6, 20l. 

Claus and Sedgwick, definitions of, 
203. 

Climax of generic evolution, 255. 

Closeness of adjustment and rank, 
142. 

CU)sing part of life-period, 319. 

Cudenterata, definition of, 203. 

Ctrlomata, 246. 

Columbia River lava outflow. 44. 

Community of descent and species, 
123: of form of individuals. 162. 

Comparative study, scale for, 54; 
time-scale. 53. 

Con<litions of environment, 113; and 
rock formation, 73. 

Conditions of evolution, organic, 
1 1(>; physical, 119. 

Constancy during' life-period, 292: 
in transmission, and species. 297. 

Continental value of revolutions, 45. 

Continuous plasticity of species. 316. 

Conybearc and Phillips* system, 18. 

Cope and bathmology, 94. 

Corallites, 90. 

Corallum, 91. 

Corals — the zoantheria, 84. 

Coral structure, 91. 

Correlation, 177. 
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Creation, evolutional idea of, 373. 

Creatiooism, 121. 

Creator, and originations, 374, 375. 

Cretaceous group, 18; period, esti- 
mate of length, 55; tertiary divi- 
sion line, 44. 

Criterion of age of rocks, 28. 

CroU, time estimate. 57. 

Crura and primary lamellae, 285. 

Cryptogenesis, 166. 

Carve of differentiation, 88. 

Cutting of the Columbia gorge, 56. 

Cavier and Brongniart, 12, 20, 21; 
and Lamarck, 154; terms of clas- 
sification, 201. 

Cuvier's classification, 233. 

Cycles of repetition in a species, 95. 

Crrtina^ 285. 

Dana, J. D., Archzan, 14; andceph- 
alization, 226 ; geological time- 
scale. 24: nomenclature of geol- 
ogy, 25; and thickness of deposits, 
57; time-ratios, 47, 48. 

Darwin and specific centres, 123 ; 
and the origin of species, 155, 156. 

Darwin*s ** Origin of Species," 126, 
128, 156. 

Darwin's theory, factors of, 193. 

Darwinism, 156. 158. 

Darwin (G. H.)i time estimate, 56. 

Data of time estimates, 56. 

De la Beche, 18. 

Deluge, Noachian, 11. 

Depression and elevation, and order 
of deposits, 73. 

Descent, 161 ; and recurrence of 
characters, 211; with modification, 
179: without modification, Forbes, 
124. 125. 

Development, 168 ; and evolution, 
70; and Lamarck, 152; main feat- 
ures predetermined, 180; of indi- 
vidual, 176, 219 ; of individual 
characters, 185: of systems of clas- 
sification, 27; purposeful, 97. 

Devonian age, 25, 30. 

Devonian system, 71. 

Diagram of evolution curves, 86. 

Diartbromeres, 224. 

Dicellocephalus fauna, 52. 

Difference in structure and environ- 
ment, 147; of form and environ- 
ment, 139. 

Differentiation along digestive tract, 
232; attained in Cambrian, 2(K>; of 
cell, 174; of cephalopods, 336; of 
characters of brachiopods, 254 ; 
of foot-organs in moUusks, 327 ; 
of generic form, 87; illustrated, 
aaB ; mark of organiltn, 174 ; of 



Nautiloidea, 337 ; of nervous sys- 
tem, 231; of a race into species, 
318; and specialization, 175. 

Digestive tract, differentiationalong, 
232. 

Dimeric and monomeric types, 235. 

Direct evidence of evolution, 96. 

Disjuncta epoch, 67. 

Diiitribution and adaptation, 140 ; 
centres of, 114; geographical, 70; 
and structure, 147; and temperat- 
ure, 145; varieties, 114. 

Distinctive features of Lankester*8 
classification, 251. 

Divergence, accounted for by evo- 
lution, 260; of characters, in Dar- 
win's theory, 195 ; of form and 
lapse of time, 89. 

Division of eras into periods, 51. 

Division-planes, local, 29. 

Divisions of classification, earlv dis- 
cerned, 234. 

Early plasticity succeeded by per- 
manency, 297. 

Eaton, Amos, classification of, 19; 
New York rocks, 19. 

Echinodermata, definition of, 204. 

Ectoderm, 172. 

Effect of Darwin's "Origin of Spe- 
cies," 156; of environment. 98; 
slight, t8i. 

Elements, chemical, and the cell, 
166. 

Elevation of land and order of de- 
posits, 74. 

Embryological likeness and mature 
diversity. 241. 

Embryologist and Morphologist,240. 

Embryology, i63. 

Embryonic, 94; development and 
succession, 230. 

Embryos or fossils, 20S. 

Embryo stage, no struggle for ex- 
istence, 173. 

Emphasized, laws of evolution, 369. 

Endodcrm, 173. 

English usa^e, 30. 

Environment, adaptation to, 114; 
and ancestry, 9S; conditions of, 
113, 120; and the divergence of 
characters, 140; antl hard parts, 
98: and organism, 6; and origin 
of species, 127; slight ctTccts of, 
i?i; and structure, 147. 

Eocambrian. 52. 

Eocene, 21, 30. 

Ephebic, 94. 

Epochs in geology, 25, f»g: t»f ex- 
pansion in spirifers, 314; use of, in 
time-scale, 53. 
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Eras in geology, 69; relative lengths 
of, 54; and systems, 71. 

Errors in estimates of age, 58, 59. 

Estimate of rate of limestone for- 
mation, 60. 

£)tienne Geoffroy St. Hilaire and 
species, 152. 

Evidence, selection of, 365; fossils 
and living organisms as, 365; 

Evolution. 168: the acquirement of 
characters, 219; acquirement of 
variations, 15S; and adaptation, 
118; and Anaximander, 152; an- 
tiquity of, 153; definition of, 369; 
relative rapidity of, 369; variabil- 
ity, 369; heredity. 369; mode of, 
370; cause of, 370; conditions of 
environment and, 370; adjustment 
and, 370; struggle for existence 
and, 370; natural selection and, 
370; intrinsic, 370; classification 
and, 370; the philosophy of, 371; 
of calcified loops of Brachiopods, 
267; characteristic of organisms, 
375; of class characters, 266; 
curves of Brachiopods, 256, 263; 
curves, meaning of, 87; curve of 
organisms, 85; descent, 124; or 
development, Huxley, 124; and 
development, 70, 152, 157; of ex- 
trinsic characters slow, 311; ex- 
pressed in specific characters, 261; 
fact of, established, 160; of funda- 
mental characters, 26S; of genera. 
Cope, U)6; in geoloji^ical history, 
S(): idea of, and creation. 376; an 
intrinsic law (»f organism, 127; 
laws of, 261, 265. 269; of mammals 
in Kocenc, 35(); the mode of cre- 
ation, 374; modifies and not re- 
places creation, 377; nature of, 
i<)0; not an inorganic process, 96; 
(»f ordinal characters, 266: an or- 
jjanic process, 96; records chiefly 
in ^cnrric and specific characters, 
2ii>; of shell curvature in Nauti- 
loidea, 34c^; of spiral appendaijes, 
302; shell proportions, of spirifers, 
302; of suture lines, laws of 355. 

Evolution theory, definitions, 158. 
Lainarckian, 158; Darwinian, 156, 
I5(); phylogcnetic, 159; and uni- 
formity theories, 157. 

ICvoluiionism. 121. 

K\( retion, 177. 

Kxplanation of succession required, 
iiS. 

Extinction of Hrachiopod genera 
254. 

Extremes of acceleration and re- 
tardation, 319. 



Extrinsic character, example of, 271. 

Fades, 69. 

Factors of evolution, 121, 197, 364, 

367. 
Factors of origin of species, 193. 
Family groups of genera, chroDolo- 

gical value, 88. 
Fauna, 113. 

Fauna of the Cambrian, 212. 
Fauna and flora, 69. 
Faunas and floras, classification of, 

116. 
Faunas of New England coast, 117. 
Faunas and Provinces, 115. 
Faunal distinctness, 115. 
Favosites niagarensis^ 90. 
Favosites in the Niagara formation, 

92. 

Favosttida^ rate of differentiation of, 

85. 
Fertilization of ovum, 172. 

Finger-bones and teeth of verte- 
brates, 363. 

First appearance of genera, 85, 86. 

First cause essential to evolution, 
121: in nature, 378. 

Fission, agamogenesis by, 169. 

Fittest organism, the, 81, 366. 

Fixation of plastic characters of 
Spirifers, 301. 

Fixed characters, acquired by trans- 
mission, 192. 

Flora, 113. 

Flora and fauna, 69. 

Floral distinctness, 115. 

Flatzgehirgey 13, 16, 19. 

Food, as environment, 113. 

Fool-organs in mollusks, differen- 
tiation, 327. 

Forbes, Edward, on centres of cre- 
ation, 121; and classification, 22; 
and Lamarck, 127; on origin of 
species, 121, 123. 

Form of loop in jugum, 288 ; and 
matter of individual, 160. 

Formation in geology, 7; definition 
of, 30. 

Formation and period, 66: scale, 66; 
scale, relative antiquity, 73 ; of 
individual characters, 125; of pe- 
riod names, 52; of stratified rocks, 

71. 
Fossil coral, favosites , 90; fauna and 

flora, and periods, 52; records, 81. 
Fossils as basis of classification, 21, 

25: the basis of the time-scale, 6f); 

characteristic, 75 ; characteristic 

of period, 83; to determine age of 

systems, 37; form of and time, 83; 

interpretation of , 78; kinds of, 80; 



ij{iiM(inc origin, 8o; materials of , 
;S: naipfc of. 73, So; preservation 
of. M: niHlk telalive age, 771 ibe 
■ark* d( gBol(i);>i:>l period, 67; 
their naiure and inicrprviaiioD, 
!'•): iictuircnce of. Si; rcpresenl 
. jrd {Urls. 81 : subsliluled (or 
:i>BCial9. 3p: and toological speci- 
,t,«. 163. 
<i;meDta] materials, and strata, 

. rth-water families of gaslropoda, 



of : 



177 : ot 



(i>(rel«tion, 177; generaiii 
OManlng of, 178; of melltloat or- 
ganism, ibrf. of susieniaiion. 177; 
■DiJ properijf. 178. 

FBociions of vcrlebraic. 177. 

FuBditmcninl law of evolution. Sg. 



Gtmogtaei 



X. i»9 

lime-icate. 10, S4: geological time,— 
length of, 8; McGee. 61. A. GeJ 
kie, 6:; Kelvin. 63; ClanH' 
King. 63: G. H. Darwin. 61; Ta| 
6;; Dana, 6a; Upham, 6j; Pre«_ . 
wicb, 63; Walc«tt, 63; and loot-' 
ogica! biology, g8. 

ind embryo swge, 173, 



Geror 



It. 94. 



, 170; dite- 



: Llie limc-seale. 85; of 

:i liina, and zones, 137; 

turia, and eras, 86. 

.. Junciion of organism, 

iiiiion, 353: climax ol, 
..iision, a6a; formanddi*- 
1. 1301 Initiation, in bclko- 
^ la, aqo; life-historj, 376; 
i>^rlod, 88 ; life-period of 
lUJepoda, tsi: series, fixation 
rtlMTSctefB, 3ot. 
. . irtic alTmities, ■f8. 
Grnu^. /'-o.tiiHuiH, m/Jiuin, and iHn- 
nu~i, ;„i; and species, 89; species 
and -r \riMo[le, aog, 

-:. tlllalrc, ^tlcnne. and 



rtangc, 70: and adjust- 
_J(pa( characters, FartniUi, 
^liyfiJ*. Spirijtrida, 180: 
^~ , 9S0; and Taxonomlc 

^nvolDlions, 39: survey, 
' ' re. 30: ijrstemt and 
I 4t: Teirane*, lA; 



Glacial and posl-glacial li: 

revolution. 45, 
Glossopbora, 349; mode of e:d 

enee of. 135. 
God in evululion. 371. 373, 376. 
Goniaiites, clatsificalion ot, 349, ^ 
Grnuwackc group, tS. 
Group in geology, fx); of atraH 

sttalum. 6g. 
Growth. 168. 
Growth force or Bathmism, l« 

normal. 179. 

Habitat, 113: normal. ti5. 

Haeekel and Bionomf. 116; and ii 
porlance nf species. 149, 

Hall. James, on variability 
Airy pa. 3t7. 

Halobics, 116. 

Hard parts In animal kingdom, % 
and evolution, 98: of urganisn 
importance of. Si: and relation 
ancestry. 98; and relation lo e 
vironment. 98; of Anthro. _ 
■ot: CtElenieraia, loo: Echinod^ 
mat*. 101: MoHusca. los: MoUhI 
coidea. 104: Proioioa, 99; Vern 
101; Vertebriita. 107. 

Hellcopegmata. evolution ol. ajfi, 
163; life-history of. 377; rate o( 
expansion of. 390; three families 

Hemera of Etuckman. 6S. 
Heredity. 193; law of, 319. 
Heterogeneity. Htlainmcot of, 176. 
Hexacuraila. talc ol diflcrentialioa 

of. 85. _ 

Himalayas, elevation ot, {}. 
Hislogcnie development. 1J3. 
Ilislogenesis. of metoioa. 165. 
Historical ela(sific«|lun. 3$. ^ 

■■History ..t Craaliua," Haeekel. 

i>8. 
IllMoty of Ibe individual.;: Uo of, 

flg. 
Hisiurr ol organismf, law of, 89; 

metbuds, S07 : (Ontoecayl, 7b; 

I I'hylogeny ), 70 ; »cope ol. I 

tfme-scal* (or. 54; of species, ) 

Spirifets, 300: 
Itiimolugy and huoiulvKi 

"7- 
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Horizon, 69. 

Houghton, relative time-duration, 

48. 
How does evolution proceed, 269. 
Haeckel and phylogenesis, 95. 
Humphreys and Abbott, report, 57. 
Hyatt and Bathmology, 94. 
Hyatt's law of rapid expansion at 

point of origin, 341. 
Hypostrophic, 94. 

Idea of creation, evolutional, 373. 

Idea of mutability and origin of spe- 
cies, 187. 

** Ideal plan " in classification, 236. 

Immutability and mutability, 125. 

Immutability of species, 125, 155; 
idea of, 153. 

Imperfection of evidence, 208. 

Importance of fossils, 20. 

Improvement resulting from evolu- 
tion, 357. 

Increase in Darwin's theory. 194. 

Increment, in evolution, 296. 

Individual characters, 5; formation 
of, 125; development, 219; nature 
of, 160, 162; of Scaliger, 201. 

Individuality of an organism, 166. 

Infantine staj^e of growth, 94, 174. 

Inferior stratified rocks, 18. 

Initial stage of evolution, 282. 

Initiation, development, and evolu- 
tion, 352; of generic characters, 
291 ; new characters, 267; new gen- 
era, 256; a new genus, 291; new 
species of cephalopods. 340; and 
origin, 70; of Cyrtoceratid.x. 339; 
of Nautilida?, 340; of Orthocera- 
ticia?, 339; of species of Ftychop- 
teria. 322. 

Inorganic and organic matter, 166; 
properties and organic characters, 
r86; things ruu evolved, 96; things, 
unchangeable, 83. 

International Congress, nomencla- 
ture of, 69. 

Interpretation of facts of evolution, 
IK), 121. 

Interruption of record, 46. 

Intrinsic character, example of, 271 ; 
and extrinsic characters, 265, 270; 
and extrinsic evolution, laws of, 
311. 312; and extrinsic in m.ichin- 
ery, 272; marivs of organism, 175; 
tendency of organism, 176. 

lonians and transmutation, 152. 

Jugum of Hrachiopods, 283, 288. 
Jurassic formations, 28. 
Jura-trias, 30. 
Juvenescent stage, 174. 



Katabolism, 177. 
Kelvin — time estimates, 56. 
Kinds of hard parts, 99. 
Kirwan, Richard, 14. 

Lamarckians and Neolamarckians, 

198. 
Lamarck and mutability of species* 

152. 
Lamellibranchs, described, 245. 
Laminarian zone, Ctenobranchioa 

of, 137. 
Land, as environment, 113. 
Land surfaces, lowering of, 60. 
Lankester's schematic mollusk, 325; 

classification of mollusca, 246. 
Larval stage, 94, 174. 
Law of adjustment to environment, 

138; of chronology of rocks, 76; 

of development, 185; of mutabil- 
ity, 158. 
Laws of adaptation of Gastropoda, 

147; of evolution, 129, 140. 197^ 

322; emphasized, 359. 
Le Conte, Joseph, 24. 
Lehmann's classification, 12, 17. 
Length of geological time, 55, 61. 
Leonardo da Vinci, 11. 
Life-history, generic, 276: of Heli- 

copegmata, 277; time-scale for 

study of, 57. 
Life-period of a genus, 88, 291. 
** Like produces like, with an incre- 
ment," 296. 
Limnobios, 116. 
Linn6 and number of species, 149; 

Or do, C/'issis of, 201. 
Lipocephala, 249. 
Littoral zone, and Ctenobranchina, 

137. 
Living, characteristic of organism, 
163 : implies change, 164; organ- 
isms and purposeful development, 

97. 

Locomotion, 230; and nervous sys- 
tem, 231. 

Loop of Ancylobrachia^ 282 ; and 
Krachidium, 282. 

Lyell, Sir Charles, 11. 

Lyell, and time-value of fossils, 66. 

LyelTs classification, 21, 22, 24. 

Madreporaria, evolution curve of, 
86; rate of dififcrcnliation of, 85. 

Maclure and American rocks, 18. 

Mii^elldfiia Jiavesn'ns, 265. 

Mammals, evolution of, 323. 

Man, an organism, i. 

Marine conditions of life, 116; or- 
ganisms and paleontology, 116. 

Marine province, 113. 
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Mark of age, fossils, 83. 

"Mark or seal" of living types, 

Forbes, 124. 
Marks of an organism, 175. 
Matter and form of individual, 160; 

properties of, not evolved, 374. 
Mature individuals used, 209. 
Maximum thickness of rocks, 59. 
Medial order, 18. 
Medium, as environment, 113. 
Mesocambrian, 52. 
Mesoderm, 173. 
Mesosaurus tumidus^ 362. 
Mesozoic, 22, 23, 26. 
Metabolic changes, T17. 
Metameric type in classification, 236. 
Metameres, 222, 224. 
Metazoa, characters of, 225. 
Metazoan, a tissue-bearing animal, 

173. 
Migration and modification, 140; of 

species, 123. 
Mineral character not sign of age, 

77. 
Miocene, 21. 

Mississippi River, and time, 57. 
Mode of curvature of nautiloid shell, 

339. 

Modifications of brachidium, 277; of 

specific characters, 125; of sut- 
ures, 354- 

Molecule, and cell, 166. 

MoUusca, according to Lankester, 
246: branch, and classes of, 246; 
definition of, 204 ; described, 244; 
245 : digestive system of, 247 ; 
and evolutional history, 239; gen- 
eral character of, 242 ; muscular, 
nervous, and motory systems of, 
247; Zitlel's classification, 239. 

MoUuscan type of structure, 225. 

Molluscoidea, definitions of, 204 ; 
described, 244. 

Monomeric and dimeric types, 235; 

Morphephebic stage, 94. 

Morphological characters and an- 
cestry, III; and time, iii; differ- 
entiation (evolution), 89 ; and 
physiological characters. 176; unit, 
the cell. 164. 

Morula. 172. 

Motor organs, differentiation of, 22S, 
232. 

Multiplication of parts before spec- 
ialization, 229. 

Murchison, 22, 23, 28. 

Murcbison's term system, 71. 

Muscular motion, meaning of, 22S, 
230; and skeletal organs. 232. 

Mutability, example of, 1S7; a fun- 
damental law, 296; a law of evo- 



lution, 162 ; law of, expressed by 
symbols, 187 ; and immutability, 
125 ; and origin of species, 126, 
154, 187; and phylogeny, 294; 
of species, 125, 126, 151, 155; of 
species and evolution, 151; tenet 

of, 155. 
Mutable species, temporary, 154. 
Mutable, what is? 187. 
Mutations, 207; and variations, 70. 

Narrowing the limit of variability^ 
322. 

Natural-history classification, 115, 
200. 

Natural-history provinces, 113, 122; 
of Woodward. 115; of Sclater, 115; 
of Wallace, 115; Fischer, 115. 

Natural law of succession, iii. 

Natural selection, 156, 179; in Dar- 
win's theory, 194; and geological 
evidence, 367; and living organ* 
isms, 366. 

Natural variation, 296. 

Nature of species, new conception 
of, 156. 

Neanic, 94. 

Nekton, 116. 

Neocambrian, 52. 

Neocene, 30. 

Neozoic, 22. 

Neritic plankton, 116. 

Nervous system and locomotion, 231. 

Neucs Floetz^ebir^e^ 13, 16. 

New species, characters of. not all 
new, 191; idea of, 189; New York 
geologists, 25; rocks, Amos Eaton^ 
19. 

Niagara gorge, cutting of, 56. 

No evidence of evolution of classes, 
241. 

Nomenclature of geological con- 
gress, 69; of provinces, 115. 

Normal growth, 179; habitat, 115. 

Nulliporc zone, and Cienobranchina, 

137. 
Numbers of genera, and systems. 86. 

Numbers of genera of Zoantheria, 

84. 

Old and new schools of opinion, 121. 

Olenellus fauna, 52. 

Ontogenesis and change of function, 
95; and f)hylogenesis contrasted, 
95. 17S; a repetition of phenomena, 
95: results of, 176; and stages of 
growth, 94. 

Ontogenetic growth of sutures, 3f 

Ontogeny and Ontogenesis, 180; a 
PhyloReny, 158. 

Oolitic group, iS. 



392 



INDEX. 



Oppel's classification, 28. 

Order of deposits with elevation, 74; 
with sinking land, 74; of for- 
mations, 16, 17: of original for- 
mation, 76; of stratification, 73; 
of superposition, 24, 77. 

Ordinal characters, evolution of, 266. 

Ordo of Linn^, 201. 

Organic cell and atom of matter; 
166; and inorganic element, 166; 
the morphological unit, 164; con- 
ditions of evolution, 119; growth 
(development), 89; individual, 
160, 162; primitive form of, 165; 
and inorganic action, 175; process, 
evolution an, 96. 

Organism, an aggregate of cells, 
164; definition of, 163; and en- 
vironment, 130; Huxley's defini- 
tion, 163; incessantly changing, 
164; individuality of, 166; intrinsic 
marks of, 175; Kant's definition, 
174; Man an, i: old and new view, 
4; purposeful development of, 97; 
related genetically to ancestor, 129. 

Organisms affected by environment, 
130: and environment, 6; as en- 
vironment, 113; express evolu- 
tion, 89: time-scale for study of 
history of, 54; scope of history of, 
I. 

Organs, 97; and taxonomic rank. 






Origin of form, not of matter, 184; 
and initiation, 70; of provinces, 
123. 

Orij^in of species, 1S3; by evolution, 
126; illustrated, 1S8; meaning of, 
1S5; unsettled problems of, 197 

Origins, unknown cause of, 127. 

Osborne, H. F., evolution of mam- 
mals, 323, 363. 

Ovum, segmentation of, 171. 

l\ila'o-biology, 68. 
Paleontologist and marine organ- 
ism, 116: method of, 5; work of, 

4- 

Paleontology, foundation of, 20; 
species in, 207. 

l\iU'(»/()ic time, 22, 23, 26. 

P.ileo/oic brachiopods, 254. 

Palisade revolution, 42. 

Pan Irenes, i(j6. 

Para'loxides fauna, 52. 

Paris basin rocks, 21. 

IV-rmancncy of characters, 193, 299; 
fallowing plasticity, 297; and limi- 
tation in breeding and distribu- 
tion, 299. 

Permanent characters, rank of, 300. 



Permian system, 71. 

Periods of climax in eTolution, 255; 
and formations, 66; of time and 
fossils, 83. 

Periods in geology, 25, 69; defini- 
tion of, 30; divisions of eras, 52; 
and groups, 24; relative lengths 
of, 54. 

Perpetuation of characters, 259. 

Phenacodus primavus^ 362. 

Phillips, John, classification, 23. 

Philosophy of evolution, 371; a 
summary, 380. 

Phylephebic, 95. 

Phylogenesis, 166; of Haeckel, 95; 
and change of function, 95; a con- 
tinuous series, 95; in classifica- 
tion, 237; and ontogenesis con- 
trasted, 95. 

Phylogenetic evolution of races, 
220; theory, 295. 

Phylogeny, or Phylogenesis, 180; of 
race, 294. 

Physical conditions of evolution, 
119. 

Physical time estimates, 56. 

Physiological function, 178; signifi- 
cance of origin of species, 193. 

Physiology and the organism, 163. 

Pictet's rules about fossils, 82. 

Plankton, 116. 

Piatt orbis zone, 68. 

Plastic characters at early stage, 
301. 

Plasticity of characters, 193, 289. 

Pliocene, 21. 

Point of view in discussing evolu- 
tion, 371. 

Polarity, 222. 

Polymeric type, in classification, 

235. 
Posi-pliocenc, 21, 24. 

Predetermined features of develop- 
ment, 180. 

Prefix morphoy in morphephebic, 94; 
phyl^ in phylephebic, 95. 

Prestwich, length of glacial and 
post-glacial time, 63. 

Primary in geology, 14; Fossilifer- 
ous Period, 24. 

Primitiv Gebirge^ 13, 16, 19. 

Primitive formation, 12, 13, 19; tis- 
sues of development, 172. 

Production of differences in repro- 
duction, 129. 

Progenitors, number of, Darwin, 
195. 

Progress of life, 25. 

Progressive change, 3; evolution in 
mammals, 323. 

Protoplasm, 166, 169. 



ilssnt, defined by Huxley. 164. 
io«,d((initiuii of. 303; develop- 
I a(, 16s. 
toa and melaioa, growth o(, 



«•«/<■, evolution of. ajb. 

»ecs la nalurml history, 70, 1 13: 

fificAtion of, 115; and faunas, 



of time-scale, 63. 
loiQic time, 24. 

uf species of. 



eful devclupinent of organ- 



!. 349- 

psleonlolug}'. 394. 
ite •uticiure. ail. 

ttdaptaiion. 148; of ad- 
[e<l tharaciers, 139. 
of characters, 193, aoj : and 
:isioo, 193: and antiquity. 19a; 
L (nodlGed with descent? 196: 
|j»eir liine values, 93 ; taxo- 
•nd adapiatinn, 14a; and 
_ " range, 91. 
•nd distribution of Strom- 
r,I44; Chenopodidie, 144; Ceri- 
!<■• I4S ; Risaoidv. 145 ; geo- 
vli 70', geological and taxo- 

evolution of brachidium. 389: 
ihttraciem, 36S ; and natural 
CthM. M19: expansion at point 
ligiD, Hyatt's luw, 341. 
if ■ccumulBtion of sediments. 
[7: of denudation. 60, ofdiffcr- 

" ' "f genera. 336; of 

emion 01 characters of sut- 
y^i of erosion and geological 
•"^ 'I evolution, 26a; olex- 

Mncric characters, 190; 

(of land surfaces. 6u; 
I minerals from con- 

FiBOtability of species, 
wcific centres, tal. 
awnernory ayiieni. ta. 
'" idvn theory, 158, 

11 of charKcicrs, bow ac- 



^ 



Relative order of deposits and ric- 
pression, 73: and elevation. 73 ; 
thickness of deposits, SO- 

Removal of soluble minerals, Retide, 

Repetition of ancestral cbaraciers, 
319; of characters, a;g ; of parts 
and ranb. 313. 

Representative species of Forbes, 
115. 123; varieliea. 307. 

Reproduction, 177, 193; of cell. 16;. 

Reslricled adaptation [ozones. 140. 

Restriction of variability. 399. 

Retardation, acceleration and, 197; 
of development. 319. 

Jftlrenphenata. 34B. 

Revolution. Acadian, 43; Appalach- 
ian. 3^. and interruption of record, 
46: palisade. 42: posl-paleoiDic.34; 
Rocky Mountain, 43: Toconic. 41, 

Revolutions. geological. 39: attime- 
breaks in hiilory, 4$. 

Rocks, chronology of, laws of, 76. 

Rocky Mountains, elevation of, 55; 

JlailraLtit, evolution of, 356, 363. 
Scaliger'j expansion of the gfimi. 



153- 
Search for causes, 373. 
Secondary, the term in geolt 

period, 14, 
Secretion, 177. 
Sediments. and Mississippi ri 
Segmentation of ovum, 171 
Seleciion of evidence, 365. 
Senile. 94- 
Scpttim, 91- 

Sequence of mineral deposits, i; 
Series. flQ. 

Sex differentiation, 1. 
Sexual selection, in Darwin'* ihi 



Silurian age. 15,36; svsicm. . 

Similaril)* of form, and species. i6a. 

Sinking land and order of deposits. 

74. 



1 



I, marked by fotsils. 77. 
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Species, successive and develop- 
mental stages of, 95 ; closely ad- 
justed to environment, 143; defi- 
nitions of, Buffon, 150; Cuvier, 150; 
l)e Candolle, 150; Haeckel, 162; 
Huxley, 154, 184; Lamarck, 152; 
Linn6. 150 ; Pritchard's, 297; Os- 
car Schmidt, 162; Tournefort, 150; 
Zittel, 150. 

Species, Forbes' ideas about, 123. 

Species and genera, im|x>rtance of, 
205; and genus of Aristotle. 200; 
as immutable, 153; importance of, 
149, 162; initiation of, 322; number 
of, 149; of the paleontologist, 207; 
temporary continuance of, 28. 

Specific centres of Forbes, 114, 122; 
Darwin's view of, 123; of distri- 
bution, 114; characters, modifica- 
tion of, 125; evolution, 253; and 
generic names, uniform usage 
202; variability, 299. 

Spirifer, 285; the genus analyzed 
by Hall, 312. 

Sf'iriferida:, 279. 

S/>iri/i'r striatus2iX\d mutability, 188. 

Spirifers, evolution of appendages, 
302; of delihyrium, 304; deltid- 
ium, 304; hinge area, 305: median 
fuld and sinus, 308; median septum, 
310; shell proportions, 302; pli- 
cation surface, 308; structure of 
shell. 310; surface-markings, 307; 
surface spines, 310. 

Spontaneous generation, 154. 

Stage, the term in Geology, 69. 

Sta^^es of development, 171; of 
growth in ()nti>genesis, 94; of in- 
dividual growth, 94. 

Standard classification, 203; periods, 
52; time-scale, 54; units <jf time- 
scale. 31. 

Steps of progress in development, 
i<)7. 

Stony Corals, 84. 

Strata in classifying rocks, 65, as 
data of the formation scale, 66; 
pans of a formation, 67. 

Stratified rocks, classification of . 65; 
and geographical conditions, 71; 
and ge<jlogical time, 65 

Straiigraphical division planes, 29; 
order and locality, 73. 

Stratum, or groups of strata, 69. 

Str<>inf'i(ii€ and Chenof^odidic^ 143. 

Structure and environment. 147. 

Struggle for existence, in Darwin's 
theory, 194; wanting in embryo 
stage, 173. 

Succession and adjustment of spe- 
cies, 117; of species and stages of 



development, 95; of suture char- 
acters, 353. 

Supercretaceous group, 18. 

Superior order in geology, 18. 

Supermedial order in geology, 18. 

Superposition of rocks, 77. 

Survey, U. S. Geological, 30. 

Sustentation, the functions of, 177. 

Sutures of Ammonoidea explained. 
350; Ammonitic type. 352; Cera- 
titic, Helictitic, and Medlicottian, 
351; classification, 350; Goniatitic 
^yp^t 351; Nautilian type, 350; 
Pinacoceran type, 352. 

Synthetic method in classification, 
238; types, mesozoic vertebrates, 
361. 

System in Geology, 69; Cambrian. 
31; Carboniferous, 34: Cretaceous. 
36; determining age of, 37; De- 
vonian, 33; and era, 71; Juras- 
sic, 36; Murchison's term, 71: Or- 
dovician, 32; Quaternary, 37; Si- 
lurian, 33; Tertiary, 37; Triassic. 

35. 
Systematic classification, 10. 
Systems of classification, 27, 206; 

geological, 31; not world-wide, 

29; and revolutions, 39. 

Taconic revolution, 41. 

Tait, time estimate, 57. 

Taxonomic rank and adaptation. 
142; and environment, 148; and 
geological range, 92. 

Teeth of mammals, Osborne, 363. 

Teleology, in Biology, 378; and the 
(organism, 163. 

Telotremata, evolution of, 256. 

Temperature as environment, 113. 

Temporary continuance of species, 
2vS; nature of species, 154. 

Tentacles, meaning of. 228. 

'J\rebratnlina scptetitrionalis^ char- 
acters of, 25S. 

Terms of classification, genus. 201; 
species, 20l\i^inus^proxiinum^ 201; 
tficdiutn, 201: summum^ 201; ordi\ 
order, 201; i/assi's, class. 20i; indi- 
vidual. 201 \cffthriiuchmeut, branch, 
201; subkingdom, 201; phyllum, 
201; type, 201. 

Terrestrial province, 113. 

Tertiary of Cuvier and Brongniart, 
12. 

Tertiary period in geology, 24; sub- 
divisions of, 26. 

Tetracoralia, rate of differentiation 
of, 85. 

Tidal friction, time estimates, 56. 

Time in cutting Columbia gorge, 56; 
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iagara gorge, 56; breaks and 

rvolutions, 45. 

c estimates, data of, 56; geolog- 

^1« 57; by geological deposits, 

; hypothetical, 49; Kelvin, 56; 

lal friction, 56, uncertainties in, 

: Ward. 48. 

e-periods and terranes, 28. 

e-ratios of Dana. 47, 54, 61 ; Wal- 

tt, 61; Williams, 61. 

e since glacial age, 57. 

es, geological, 26; relative 

ngths of, 54. 

e-scale, and fossils, 66; standard 

lits of, 31. 

e-values of characters and rank, 

les and Anaximander, 152. 

ca, 91. 

cacea^ evolution of, 256, 262. 

:kness of deposits, 60; of rocks, 

. 58. 

nsitiox) formation, 13, 19. 

nsmitted characters. 192. 

nsmission and acquirement of 

iriation. 158. 

nsmutation theory of lonians, 

2. 

ilacea^ evolution of, 256, 262. 

ncata, definition of, 204; de- 

ribed, 244. 

binvlida^ rale of differentiation, 

• 

> scales, necessity of, 66. 
ical specific characters, 115. 
es of SpirifiVy in continuous 
ries, 313; at initial period, 314. 
ical structure and types, 236. 

rgangs Gebirge, 13. 16. 
onformity and revolution, 40. 
ifTerentiated cell, 221. 
:cd States Survey nomenclature, 

• 

:s of chronology, 51 ; of the time- 
ale. 77. 

tratified rocks, iS. 
and disuse, in origin of species, 
5. 

les of units of time-scale, 64. 
ability of Atrypa, Hall, 317; in 
arwin's theory, 193; an inherent 
aracteristic. 1S4; ami pcrm- 
icncy of characters, 311. 



Variation, acquirement of, 158; dis- 
continuity of, 199; and evolution, 
158; and mutability assumed in 
discussion of origin of species, 
183; in thickness, 58; the unsolved 
problems of, 198. 

Variations oi A try pa rfticularis^^it\ 
and mutations, 70. 

Varietal characters, 115; alone ad- 
justed, 143. 

Varieties, 207; in Darwin's theory, 
194. 

Varying antiquity of characters of 
Spirifer logani^ 190; conditions and 
strata, 73. 

Vermes, definition of, 204. 

Vertebrata, definition of, 204. 

Volutions of spires in Helicopeg- 
mata, 286. 

Von Baer's classification, 234. 

Wallace, Alfred R.,and distribution, 
112; on species, 298. 

Walther, Bionomy, 116: conditions 
of environment. 116. 

Ward, time estimate, 48. 

Water, as environment, 113. 

Water-vascular system, 229. 

Wernerian theory of formations, 16. 

Werner and the Lehmann classi- 
fication, 13; and mineral char- 
acters, 17; classification of rocks, 
17, 19. 

What are species? 149; is evolved ? 
265. 269; is evolved, summary, 
272. 

Zittel's classification of Mollusca, 
239; on fdssils. 82; translation 
from, 135, 329 343. 

Zoantheria. 84; of each era, 84; and 
the time-scale, 85. 

Zonal adaptation, of Gastropoda, 
140; distribution of Ctenobran- 
china. 136. 

Zonaric plankton, 116. 

Zone, 69, 113. 

Zones of Ammonites, 28; of environ- 
ment, of Gastropods, 132; and 
hemera, 68; of ocean, Forbes. 117; 
Vcrrill and Smith, 117. 

Zoological and geological biology, 
98; specimen like a fossil, 163. 

Zoologist, method of, 5. 

Zygospira, jugum in, 284. 
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Hertwig*s General Principles of Zoology. From the Third Edition of 
Dr. Richard Hertwig's Lehrhuch der 2^ologie, Translated and 
edited by George Wilton Field, Professor in Brown Univer- 
sity. About 200 pp. 8vo. {October, '95.) 

Howell's Dissection of the Dog. As a Basis for the Study of Physi- 
ology. By W. H. Howell, Professor in the Johns Hopkins 
University. 100 pp. 8vo. $1.00, net. 

lackman's Nature Study for tha Common Schools. By Wilbur S. Jack- 
man, Teacher of Natural Science, Cook County Normal School, 
Chicago, 111. x4-448pp. i2mo. $1.20, //<•/. 

Kemer & Oliver's Natural History of Plants. From the German of 
Anton Kerner von Marilaun, Professor of Botany in the 
University of Vienna, by F. W\ Oliver, Quain Professor of 
Botany in University College, London, with the assistance of 
Marian Bush and Mary E. Ewart. 410. 2 vols., each bound 
in two parts. $7.50 a vol. , net. ( Vol. 1 ready; Vol. J I ready soon.) 

Macalister's Zoology off the Invertebrate and Vertebrate Animals. By 
Alex. Macalister. Revised by A. S. Packard. 277 pp. 
i6mo. 80 cents, net. 

MacDougal's Experimental Plant Physiology. On the basis of Gels' 
PJlanzenphysiologische Versuche. By D. T. MacDougal, Uni- 
versity of Minnesota, vi -}- 88 pp. Svo. ^i.oo, ////. 

Macloskie's Elementary Botany. With Students' Guide to the Exam- 
ination and Description of Plants. By George Macloskie, 
D.Sc, LL. D. 373 pp. i2mo. f 1.30, net. 

McMurrich's Text-book of Invertebrate Morphology. By J. Plavfair 
McMurrich, M.A., Ph.D., Professor in the University of Cin- 
cinnati, vii -j- ^61 PP« 8vo. $4.00, net. 

McNab*S Botany. Outlines of Morphology. Physiology, and Classi- 
fication of Plants. By William Ramsay McNau. Revised by 
Prof. C. E. FJkssev. 400 pp. l6mo. Soc., net. 

Martin's The Human Body. See American Science Series. 

*Merriam's Mammals of the Adirondack Region, Northeastern New 
York. With an Introductory Chapter treating of the Location 
and Boundaries of the Region, its Geoloiijical Hislt)ry. Topbj^ra- 
phy. Climate, General Features, Botany, and Fauna! Position. 
By Dr. C. Hart Mkrriam. 316 pp. Svo. $3.50, net. 

Newcomb & Holden's Astronomies. See American Science Scries. 

•Noel's Buz ; or, The Life and Adventures of a Honey Bee. By 
Mairick Noel. 134 pp. i2mo. $1.00. 

Noyes's Elements of Qualitative Analysis. By William A. Noves, Pro- 
fessor in the Rose Polytechnic Institute. .\ -\- 91 pp. Svo. 
Soc., net. 
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Packard's Entomology for Beginners. For the use of Young Folks, 
Fruit-growers, Farmers, and Gardeners. By A. S. Packard. 
xvi + 367 pp. i2mo. Third Edition ^ Revised, $1.40, m^/. 

Guide to the Study of insects, and a Treatise on those Injurious 

and Beneficial to Crops. For the use of Colleges, Farm-schools, 
and Agriculturists. By A. S. Packard. With fifteen plates 
and six hundred and seventy wood-cuts. Ninth Edition, xii 
+ 715 pp. 8vo. $4.50, net, 

Outlines of Comparative Embryology. By A. S. Packard. Copi- 
ously illustrated. 243 pp. 8vo. $2.00, net. 

Zoologies. See American Science Series. 
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Scuddefs Butterflies. By Samuel H. Scudder. x 4- 322 pp. i2mo. 
$1.20, net. 

Brief Guide to the Commoner Butterflies. By Samuel H. Scudder, 

author of *' Butterflies of the Eastern United States and Can- 
ada," etc., etc. xi + 206 pp. i2mo. $1.00, net. 

Tlie Life of a Butterfly. A Chapter in Natural History for the 

General Reader. By Samuel H. Scudder. 186 pp. i6mo. 

80c., net. 

Sedgwick & Wilson's Biology. See American Science Series. 

*Step's Plant Life. By Edward Step. Popular Papers on the 
Phenomena of Botany. i2mo. 148 Illustrations. $1.00, mt. 

Underwood's Our Native Ferns and their Allies. With Synoptical De- 
scriptions of the American Pteridophyta North of Mexico. By 
LuciKN M. Underwood, Professor in DePauw University. 

Kez'isriL xii -f- 156 PP- i2mo. $1.00, nit. 

Williams's Elements of Crystallography. By George Huntington 
Williams, late Professor in the Johns Hopkins University. 
X -|- 270 pp. i2mo. Revised and Euliiri;ed. %\.2.^, net. 

Williams's Geological Biology. An Introduction to the Geological 
History of Orjjanisms. By Hknrv S. W^ii.liams, Professor of 
Geoloi^y in Yale Coliepfc. 8vo. About 300 pp. {Oit., '95.) 

Woodhuil's First Course In Science. By John F. Woodiiull. Pro- 
fessor in the Teachers* College, New York City. 

/. Book of Experitftents. xiv -f- 79 pp. 8vo. Paper. 50c., wr^. 
//. 'I\xt-Book, XV -|- 133 PP- i2mo. Cloth. ()^c., net. 
III. Box of Aplarntus. $2, net {actnal cost to the publishers^. 

Zimmcrmann's Botanical Microtechnique. Translated by James Ellis 
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